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UNIT OF WORK 
Abt, 2. 

Ex. 3. 

Weight of the ram in lbs. = 14 x 1 12 = 1568. 
Units of work in raising 1 lb. 19 ft. = 19. 

„ ,, ,y 1568 lbs. 19 ft. = 1568 times 19 

= 29792. 

Ex. 5. 

Weight of coals in lbs. = 3 x 1 12=336 ; 
Depth of the pit in feet = 25x6= 150; 
/. Work = 336 x 150 = 50400. 

Ex.8. 

Weight of the water in lbs. = 62*5 x 250 = 15625 ; 
Depth of the mine in ft. = 36x6 = 216 ft.; 
/. Work^ 15625 x 216 = 3375000. 
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Ex. 10. 



. 3x5280 
Space moved over per min. = — gg — = ^64 ft. 

.-. Work per min. = 130 x 264 a 34320. 



Abt. 3. 

Ex.2. 

Weight of coals in lbs. =5 x 112 *=560 lbs. 

Depth of the pit in ft. = 160 x 6 = 960 ft. 

As 560 lbs. of coals are raised every minute»« 

/. Work done per min. = 560 x 960 = 537600. 

537600 
Horse powers or H P= qqqqq - = 16*2^. 






Ex. 4. 

Weight of water in lbs, = 62'5 x 2500 :x 156250 lbs. 

Depth of the mine in ft. = 86 X 6 = 516 ft. 

As 156250 lbs. of water are raised every hour, 

/. Work per hour = 156250 x 516 = 80625000 ; 

80625000 
.•. Work per min. = — g^ — = 1843750 ; 

XT i> 1343750 

Ex. 6. 

Work done by the horses per hour =;: 33000 x 3 x 60 = 
5940000; 

Depth of the pit in ft. = 40x6 = 240 ft 

Work in raising 1 lb. of coals = 1 x 240 = 240. 

Now, as 240 units of work go to raise 1 lb. of coals, there- 
fore as n^my times aa 240 can be taken oat of the whole 
work, that is, 5940QOO, so many lbs. must be raised in the 
time. 
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5940000 
/. No. lbs. raised per hour= ^^ — = 24750 lbs. or 

11-04 tons. 

Or thus, 

Let X = no. tons raised per hour ; then, 

Wt. coals in lbs. = 2240 x x. 

/. Work in raising coals per hour = 2240 xxx 240. 

Now the horses have to perform this work ; but from the 
foregoing solution, the work of the horses per hour is 
5940000. 

/. 2240 X a? X 240 = 5940000. 
5940000 ,,^, 

••• ^ = 2240 X 240 = ^V*^^^^''**- 

Ex. 8. 

Work of the engine per min. = 33000 x 7 = 231000. 
Work in raising 1 ton = 2240 x 47 x 6=631680. 

-ET . X . , 631680 ^^^ 

/. !^o. minutes to raise 1 ton = oqiqqo = ^' ' 

« 

Or thus, 

Let X = the no. minutes to raise I ton. 

By the foregoing solution, we have, 

Work engine per min* = 231000. 

„ in X min. = 231000 x x 

Now the engine has to raise 1 ton of coab in x minutes ; 
hence the work of the engine in this time must be equal to 
the work in raising 1 ton of coals. 

.-. 231000 Xit = 631680. 
631680 ■ ^ . 

•*•* = 231000 = ^'^°''°*' 
which is the time required in the question. 

Ex.10. 

Work done per hour = 33000 x 34 x 60. 

Work in raising 1 foot of water = 62'5 xT^ x^» 

B 2 
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XT .5. . :. 1. 33000x34x60 ^^^^ 

.!, No. ft. raised per hour = 52'5x72x6 ~^^^' 

Or thus, 

Let X = No. c. ft water raised pfer hour ; then, 
Work requisite in raising the water per hour = 62*5 x 72 x 
6xa:. 
Work engine per hour = 33000 x 34 x 60. 
/. 62-5 x72x6xar = 33000x34x60. 

33000x34x60 ^,^„ ^ ^ 
••• ^= 62»5x72x6 ^^^^^ ^^^*- 

Ex. 13. 

^ . . . 2240x5 v210x6 ^„^^^ 
Work done per mm. = gg = 235200 

4 
Useful work of one H. P. per min. = ^ of 33000 = 26400. 

. , „ ^ 235200 ^^, 
And H. P. = 26400 ^ ^'^' 

Ex. 15. 

nwT , ^ . 5000x40 ,,^„ , 

No. gals, water pumped per min. = « v fiO ^ 416f gals. 

Weight water pumped per min. = 416|- x 10 = 4166§- lbs. 
Work per min. =4166f x 60 = 250000. 
250000 

Ex. 17. 

Work per min. in the 1st level = 62*5 x 30 x 20 x 6. 

„ „ 2nd „ 5=62-5x20x50x6. 

„ „ 3rd „ =62-5x10x70x6. 

/. Total work per min. = (30x20+20x50+ 10x70) 

62-5 X 6 = 2300 x 62-5 x 6 = 862500. 

862500 
A H. P.— ggoQp — 26-1+. 
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Ex. 18. 

Here as j- of the work of the engine is lost in transmission, 
the effective work must be equal to f of the work of the 
engine, that is> 

I of H. P. engine = 26-1 +. 

26-1+ X 3 
/. H. P. engine = — h == ^^'^ nearly. 

Ex. 19. 

Work engine per hour = 33000 x 12 x 60. 

But since only f of this work goes to pump the water^ we 
have 

Effective work engine in pumping the water = ^ of 33000 x 
12x60=15840000. 

Work in pumping 1 c ft. of water = 62*5x40x6= 

15000. 

effective work engine 15840000 
/. No. c. ft. water- ^^j^^ .^ pumping 1 c. ft.== "15000 

=1056 eft. 

Or thus, 

Let A; = nOk cubic feet of water raised per hour ; then wt. 
water in lbs. =62*5 x x ; 

,*, Work in pumping water per hour = 62'5 x * x 40 x 6. 

Now from the foregoing solution the effective work of the 
engine per hour is 15840000. 

/. 62-5 x«x40x6= 15840000. 

15840000 15840000 ,^^^ ^. ^ 

•*• *= 62-5x40x6= 15000 = 1^56 cubic feet. 

Ex. 22. 

Weight of hammer in lbs. = 10 x 1 12 = 1 120 lbs. 
Work in each lift = 1 120 x 3 = 3360. 
Work in 70 lifts, or per min. = 3360 x 70 = 235200. 
235200 



. XT p — — 7»1 + 

• • •"- •«^- — 33000 — ' * • 
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Ex. 23. 

Work done per min. =33000 x 4=132000. 
Work done per min. in raising 1 lb* of the liammer 
= 1x3x70=210. 

/, No. lbs. weight m the hammer= ri nzr 

^ work done per mm. on I lb. 

132000 
= 210 =628-6 lbs. or 5*6 cwts. 

Or thus, 

Let X = no. lbs. weight in the hammer ; then 
Work in 1 lift = a? X 3 ; 

Work in 70 lifts, or work per min. = a? x 3 x 70. 
Now this work has to be done by an engine of 4 horse ' 
powers ; 

.-. a;x3x7O = 3300Ox4; 

33000x4 ^««^,^ ^^ , 



WORK OP LIVING AGENTS. 
Art. 5. 

Ex.7. 

Work of the man per min. = 2600. 

" " in a day of 8 hours long=2600 x 60 x 8 

1248000. 

Work in pumping 1 c. ft. of water =62*5 x 50=3125. 

^, - , , work per day 

.-. No.c.ft.waterpumpedperday=^^^^ .^ ^ ^ ^^^ ^^^^ 

1248000 ^^^ ^ 
:^ =399-3. 



' 3125 

Or thus, 
Let X = no. c. ft. water pumped per day ; then, 
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Wt. water in lbs. = 62*5 x x. 
Work in pumping water per day = 62'5 x « x 50 x 8. 
But by the foregoing solution the work of the man per 
day is 1248000 ; 

.% 62-5 X ar X 60 X 8 = 1248000, 
1248000 ^^ ^ ^ 
^= 62>5x50x8 = ^^^'^<^^^' 



• • 



Ex. 9. 

Here the number of tons which the man raises in a day 
is 8-7, 

^ wages per day 30 d. ^ ^ 

••• Cost per ton = no.ton8 msed per clay "lT=^'^-' '^^ 
about half a farthing. 

Ex, 10. 

Work of the horse per day = 22000 x 60 x 8 = 10560000, 

Work in raising 1 ton of coals = 2240 x 25 x 6 = 336000. 

work per day 
No. tons raised by the horse per day = ^^rk in 1 ton ~ 

10560000 



336000 



= 31-42, 



/. Cost per ton = 01.40 = 3c?. nearly. 

Ex. 11. 

Here an ass is assumed to do ^ of the work of a horse, 
and therefore two asses will do f of the work of a horse ; 
but from the last exercise the number of tons raised by a 
horse in a day is 31*42. 

2 

/. No. tons raised by the asses per day = v of 31*42 ac 12*56. 

rN 35. ^. ,j. 

•% Cost per ton = To^ = ^fa.* 
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WORK IN OVERCOMING THE RESISTANCE OF 

FRICTION. 

Abt. 8. 
fVork in moving a carriage upon a horizontal plane. 

Ex. 2. 

Resistance of friction = 8 x 60 = 480 lbs. 

^. . . n . 50x5280 ,,^^ 
Distance moved over m ft. per min. = g^ — = 4400 ft. 

/. Work of friction per min. = 480 x 4400 = 21 12000. 
2112000 

Ex.4. 

Work done by the engine per hour = 60 x 33000 x 60. 

Work consumed in moving the train over 1 mile =8 x 90 

X5280. 

60x33000x60 
/. No. miles per hour = 8x90x5280 ^^^ cancelling) 

/ 11000 
j^^ X 3^00 X 0(i 11000 



ixg0xg^^0 "" 352 
4 sp 88 



= 31-2. 



Or thus. 
Let X = the rate in miles per hour ; then, 
Distance moved over in feet per hour = a? x 5280 ; 
Resistance friction in lbs. = 8 x 90 ; 
/. Work due to friction per hour = 8 x 90 x a? x 5280. 
But this must be equal to the work done by the engine 
per hour ; 

.*. 8x90xa?x5280=60x33000x60, 

60x33000x60 ^, ^^ .. 
•'• ^=" 8x90x5280 =31*2+ miles. 

* Ex. 6. 

Work engine per hour = 80 x 33000 x 60. 
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Work consumed per hour in moying 1 ton = 8 x 45 x 5280. 
_ Wo rk engine per hour 80 X 33000 x 60 
•'• ^^' ^^ "" Workm Tton per hour "~ 8x45x5280 
10x11000* 110000 



= 83-3+. 



"" 15x88 1320 

Or thuSy 

Let X = the gross weight of the train in tons ; then, 
Besistance due to friction in lbs. =8 x a; ; 
Distance moved over in feet per hour = 45 x 5280 ; 
/. Work of friction per hour = 8 x a; x 45 x 5280. 
But the work of the engine per hour = 80 x 33000 x -60. 
.'. 8xarx45x5280=80x33000x60; 

80x33000x60 ^^ ^^ 
••• ^ = 8x45x5280 = ^^'^'' *^°'- 

Ex.8. 

Work expended in moving the train over 330 miles 
= 8x70x330x5280. 

Work engine per hour = 60 x 33000 x 60. 

.\ No. of hours in moving over 330 miles = 
work in distance ' 8 x 70 x 330 x 5280 8 x 70 x 88* 
work engine per hour" 60x33000x60 "60x100 
= 8-2*. 

Ex. 14. 

3 
Weight moved in lbs. = 1| x 2240 = 3920 lbs. 

Now the resistance of friction, in this case, is ^q of this 

weight, and moreover the traction must be equal to the 

resistance ; 

1 2 

/. Traction = 35 of 3920 lbs. = 130g lbs. 

* By canceUing. 
B 5 
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Ex. 17. 

Weight of gross load = 160 x 30 = 4800 lbs. 

4 
/. Weight of net load = 5 of 4800 lbs. = 3840 lbs. 

Weight of the material = 24000 x 120 = 2880000 lbs. 

^^ , , wt. material 2880000 ^ 
A No. loads = wt.net load ="■3840- = ^^^- 

No. hours in going and returning with each load 

3 3 6 3 9 ,^^ 
= 2"i+5 = 5 + 5 = 5 = ^'^^°^'^ 

.% No. hours in removing the whole material = no. hours 

with each load x No. loads = 1*8 x 750 = 1350 hours, 

1350 
.". No. of days' work = — g— = 168*75 days. 

Cost = 168*75 X 10*. = 84/: 7«. 6d. 



Work of the Saw Machine. 

Art. 9. 
Ex. 2. 

Work in cutting 1 foot = 29000 

Work in cutting 5600 feet = 29000 x 5600= 162400000. 

^ , . 162400000 «„^^„ 

/. Work per mm. = -^^ — ^^r- = 22^SS5. 

^'^^•'^•"" 33ooor""^^ • 

Ex. 4. 

Work engine per min. = 33000 x 5 = 165000. 

Surface of the planks = 20 x 1^ x 300 =9000 sq, ft. 

Work in cutting the planks = 29000 x 9000 = 261000000. 

,T ... ... 261000000 ,-Q, Q . 

.•. No. mmutes m cutting = — iog/yv% = 1581'8 mm., or 

26*3 hours.+ 
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WORK IN MOVING A BODY ON AN INCLINED 

PLANE. 



Work in overcoming the resistances of friction and gravity, 

Abt. 1L 
Ex.2. 

20 V ^2R0 

Speed train per min. = ^^^ = 20 x 88 = 1760 feet 

oO 

Weight train in lbs. = 90 x 2240 = 201600 lbs. 




Rise of the rail in 100 feet = ^ ft. 

„ „ 1 foot = ly^ ft. 

,,1760 feet = *^^ ft. = 8-8 ft. 

Here the whole weight of the train is raised 8*8 ft every 
minute in opposition to gravity ; 

.*. Work due to gravity per min. = weight train in lbs. 
X vertical height raised = 201600 x 8-8 = 1774080. 

Work due to friction per min. = 8 x 90 x 1760 = 1267200, 

/, Total work per min. = work due to gravity + work 
due to friction = 1774080+1267200 = 3041280. 

K ATI T> 3041280 _- 

^^^•^•=-33666-=^^- 

Ex.4. 

Rise rail in 1 foot = :i7^ ft 

400 

1 X 5280 
Rise rail in 5280 feet, or 1 mile = -^ = ia-2 ^^^.^ 

B 6 
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Weight train in lbs. = 60 x 2240 = 134400 lbs. 

.•. Work due to gravity in 1 mile = 134400 x 13*2 s=: 
1774080. 

/. Work due tofriction in 1 mile = 8 x 60 x 5280 = 
2534400. 

.% Total work done in 1 mile = 1774080+2534400 = 
4308480. 

Work engine per hour = 40 x 33000 X 60 = 79200000. 

Work engine 79200000 
/. No. miles per hour = ^^^^ .^ ^ ^^^ = 4303480 = 

18*4 nearly. 

Or thus, 

Let X = no. miles moved over per hour ; then proceeding 
as in the foregoing solution, we have 
Rise rail in 1 mile = 13*2 feet, 

„ X miles = 13*2 x a; feet. 

Wt train in lbs. = 134400 lbs. 
Work due to gravity per hour = 134400 x 13*2 x x. 
Resistance friction in lbs. = 8 x 60 ; 
Distance moved over in feet per hour = a: x 5280. 
.*, Work due to friction per hour = 8 x 60 x a; x 5280. 
Total work due to the resistances per hour = work due 
to gravity + work due to friction = 134400 x 13*2 x a? + 8 x 
60xa?x5280. 

But this must be equal to the work done by the engine 
per hour : 

/. 134400 X 13-2 X a?+8x 60 X a? X 5280 =79200000, 
/. X (134400 X 13-2 + 8 x 60 x 5280) = 79200000, 

79200000 79200000 ,^ . 

•• 134400x13-2+8x60x5280"" 4308480 
miles. 

Ex. 5. 

Work engine per min. = 50 x 33000 = 1650000. 

20 X 5280 
Speed train per min. = gg — = 20x 88 = 1760 ft. 
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3x1760 
Rise rail in 1760 ft. = ^^^ = 13-2 ft. 

Work due to gravity per min. for 1 ton = 2240 x 13*2 = 
29568. 

Work due to friction per min. for 1 ton = 8x1760 = 
14080. 

.% Total work due to gravity and friction per min. for 
1 ton = 29568 + 14080=43648. 

work ensine per min. 1650000 

• Nft fnna — — — 

• • ^^^' ^"* ~ work on 1 ton per min. - 43648 "" 
37-8 tons. 

Or thus. 

Let X = no. tons weight in the train ; then 
Work due to friction per min. = 8 x a? x 1760 ; 

„ „ gravity „ =a?x2240x 13*2; 
A Total work due to the resistances per min. = 8 x a; x 
1760 +a:x 2240x13-2. 
But the work of the engine per min. is 165000 ; 
.\ 8 x« X 1760+ a? X 2240x13-2 =165000; 
_ 165000 _ 165000 _ 

•'• ^ "■ 8 X 1760+2240 X 13-2 ""14080+29568" '^^^ 

Ex.7. 

o . . . 50x5280 , 
Speed train per mm. = — zq =4400. 

Work due to friction per min. = 8 x 80 x 4400 = 2816000. 

Work due to gravity per min. = 80 x 2240 x 14f = 
2628266. 

In this case gravity acts with the engine. 

.*. Work engine per min. = work friction — work gravity 
= 2816000 -2628266 = 187734. 

4 J ^T T> 187734 ^ ^ 
-^^^•^• = "33000=^*^+- 
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Ex.9. 

2240 
Resistance of friction = ^*^ of 2240 lbs. = -qq- lbs. 

2240 
Work due to friction in 100 ft. =-3^ x 100= 7466*6 +. 

„ „ gravity „ =2240x5 = 11200. 

Now as the work due to gravity is greater than the work 
due to friction, the horse must do work in a backward 
direction in taking the load down the hill ; 

/. Work of the horse in 100 ft. = 11200-7466-6 =s= 

3733-4. 

3733-4 
/. Work of the horse in 1 ft. = -^gg- = 37*334 lbs. 

But this work of the horse over 1 foot is obviously his 
backward pressure, because when a pressure of a certain 
number of lbs. is exerted over 1 foot, the units of pressure 
are equal to the units of work. 

Or thtis. 

Let X = no. lbs. backward pressure of the horse ; then we 
have 

Work of the horse in 100 ft. = ar x 100. 

But the work of the horse over this space must be 3T33-4 

(see the foregoing solution). 

/. ar X 100 = 3733-4, 

3733-4 
/, a?= -jqq- = 37-334 lbs. 



Additional Exercises. 

Ex. 12. 

What must be the traction of a horse to draw a load of 
2 tons up a hill having a rise of -^ in 100, the co-efficient of 
friction being -^ ? 
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Suppose the load to be moved over 100 ft. 

Resistance friction in lbs. = 7^ of 2 x 2240 = 224 lbs. 

Work due to friction = 224 x 100 = 22400. 

„ „ gravity = 2x2240x^ = 2240. 

.% Total work to be done by the horse = 22400 + 2240 = 
24640. 

But we have also, 

Work of horse = traction x 100. 

Traction x 100 = 24640 ; 

24640 

100 






.% Traction =-T7ur =246-4 lbs. 



Ex. 13. 

A horse can just draw a load of 1 ton up a hill (having a 
small inclination), while he can draw a load of 1^ tons down 
the hill ; it is required to find the rise of the hiU for every 
100 feet, when the co-efficient of friction is ^^. 

Suppose the hill to be 100 ft. long, and let x = the no. ft. 
rise of the hill in 100 ft. 

Resistance friction up the hill = ^*g^ of 2240 lbs. = 112 lbs. 
„ friction down the hill = -^ of 1^ x 2240 lbs. = 

168 lbs. 

Work due to gravity up the hill = 2240 x x. 
„ „ friction „ „ =112x100. 

.% Total work to be done by the horse up the hill = 
2240 X a? -hi 12x100. 

Work due to gravity down the hill = 1^x2240x3? = 
3360 X X. 

Work due to friction down the hill = 168 x 100. 

.•. Total work to be done by the horse down the hill = 
168x100—3360x0?. 

Now since the horse is supposed to exert the same traction 
in going up the hill as he does in going down the hill, 
therefore he must do the same work in both cases ; hence 
we have 
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2240 X 0?+ 1 12 X 100 = 168 X 100- 3360 X or, 
.% 5600«=5600, 
.*. x=l foot, 
which is the rise of the hill for every 100 feet. 

Ex. 14. 

The work in moving a load (say of 1 ton) up a hill, of 
small inclination, is 1-^ times the work in moving the same 
load down the hill ; required the rise of the hill, supposing 
the co-efficient of friction to be -^. 

Suppose the hill to be 100 feet long, and x = the rise in 
this distance ; then we have 

Work up the hiU = t^^ of 2240 x 100 + 2240 x x=22400 -f 
2240 X X. 

Work down the ^11 = ^^^ of 2240 x 100 — 2240 x a: = 
22400- 2240 X a?. 
Hence we have, by the question, 

22400 + 2240 x ar = 1^ (22400-2240 x x), 
.\ 5600 X a? =11200, 

11200 ^^ 
•'• ^~ 5600 —2 feet. 



WORK IN RAISING MATERIAL HAVING A 

GIVEN form- 
Art. 12. 

Ex.3. 

By the table, Art. 5. p. 9., a man turning a handle can 
perform 2600 units of work per minute, working for 8 hours 
per day. Now the work to be done is 20357568 ; hence 
we have 

Work of the man per day = 2600 x 60 x 8 = 1248000. 

whole work 20357568 , ^ ^ 

/. No. days-^^j.^ ^^^^ p^^ ^^y- 1248000 "'^^'^' 
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Or thus. 

Let a;s=tlie no. days for the man to complete the work; 
then we have 

Work of the man per day = 1248000 ; 

.% Work of the man in x days = 1248000 x x ; 

:. 1248000 X a? = 20357568, 

20357568 ,^^^ 
•*• ^= 1248000 = ^^'^ ^^^^' 



Ex. 7. 

Let ABY represent a section of the pyramid; YD its 
perpendicular height; g its centre of gravity; and A 61; its 
position when about to fall, its centre of gravity n being in 
the vertical line A k. 




From g draw g r parallel to A D, cutting A ^ in r ; then 
Ar = D^ = JofDY = Jof 12 = 3; 
AD = iof AB = iof8 = 4; 

A« = A^= a/XD2TE^= A/4a+F2 = 5 ; 
rn = A n— A r = 5— 3 = 2ft., which la tbft N«t\KR»5L ^^^jbrr^ 



18 
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through which the centre of gravity of the pyramid must be 
raised before it can be overturned. 

12 

Solidity of pyramid = 8^ x -o-, 

/. Weight of pyramid = 8^ x ~ x 100 = 25600 lbs. 

<j 

.*. Work in overturning the pyramid = weight xr« = 

25600x2=51200. 

Ex.9. 

Let A B C D represent the cistern ; G 
the centre of gravity of the water when the 
cistern is full; HNR the level of the 
water in the well ; then from the question, 

A B the length of the cistern = 6 ft. ; the 
breadth =3 ft.; BC the depth =4lft.; 
and the height of AB from HR=18ft. 
Hence we have, 

NG, or the vertical height through 
which the centre of gravity of the water is 
raised =NB + iBC = 18+2 = 20 feet. 

Weight water = 6 x 4 x 3 x 62-5 = 4500 lbs. 

/. Work = wt water x N G = 4500 x 20 = 90000. 

In this example it is assumed that the water in the well 
always remains at the same level. 





Additional Exercises. 

Ex. 10. 

Required the same as in Ex. 7., when the base of the 
pyramid is a rectangle whose length, A B, is 6 feet ; breadth 
4 feet ; perpendicular height, I) V, 16 feet ; and the weight 
of a cubic foot of the material 120 lbs. (See fig. p. 17.) 

Here, Ar=D^ = iofDV = iof 16 = 4; 

AD = iof AB = iof6 = 3; 
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r » = A»— Ar = 5— 4= 1 ft., which is the vertical dis- 
tance though which the centre of gravity of the pyramid 
must be raised before it can be overturned. 

If? 
Solidity of pyramid = 6 x 4 x ^ = 128 c. ft . 

Wt. pyramid = 128 x 120 = 15360 lbs. 
•*• Work in overturning the pyramid = wt. in lb8.xri» 
= 15360 X 1 = 15360. 

Ex. 11. 

Required the same as in Ex. 7., when the base of the 
pyramid is a circle whose diameter, A B, is 16 feet ; perpen- 
dicular height, D y, is 24 feet ; and the weight of a cubic 
foot of the material is 100 lbs. 

Here Ar = D^ = iof24 = 6ft.; 

AD = iof 16 = 8ft.; 

An = A^=V82-f62=10ft.; 

rn=:An— Ar=10-6 = 4ft.; 

24 
SoUdity cone = 16^ x '7854 X y = 1608-4992 c. ft. 

Wt. cone in lbs. = 1608-4992 x 100 = 160849-92. 
,% Work in overturning the cone = 160849*92 x 4 = 
643399-68. 

Ex. 12. 

What must be the height of the pyramid in Ex. 10., when 
the work requisite for overturning the solid on the edge A 
is double the work requisite for overturning it on the other 
edge A B ? 

Let X = the perpendicular height D Y ; then, 

Ar = D^=2DV=v» AD = 3; 
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X 

Solidity of the pyramid = 6 x 4 x g= 8 x 

.\ Wt. pyramid =8 a; X 120 = 960 a;; 

/. Work in overturning the pyramid on the edge A 



(/ x^ x\ 



Proceeding in the same manner, we find, 

Work in overturning the pyramid on the edge AB 

= 960a:x(y4+jg-f). 
Hence we have, by the question, 

960a;(v^9 + ^g-|) =2x960aj(v^4H-~ -|), 
Squaring both sides, &c., 



4y4x.5+4y9+;g=rr«+ 



/. (64-fa;2)(144+ai2) = a*+200a?2+10000, 

.-. 8aj2 = 784, 

/. ar2=^ = 98, 

.% a!= V98 =9-8 feet nearly. 



Ex. 13. 

Required the same as in Ex. 9., when the cistern is 10 
feet long, 5 feet broad, and 8 feet deep ; and the bottom of 
the cistern stands 16 feet from the water in the well. 

Here,NG = NB-|-iBC=16+iof8 = 20ft 
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Wt water = lOx 5 x 8 x 62-5 = 25000 lbs. 
.% Work in raising the water = wt. water x N G = 
25000x20=500000. 



WORK IN EXCAVATIONS WHEN THE MA- 
TERIAL IS TRANSPORTED BY MEANS OF 
BARROWS, ETC. 



Abt. 13. 
Ex. 2. 



TIT 1 240 ^ 

No. relays =zj^=:2. 



120 
Hence for each shoveller we must have 2 barrowmen ; 

and as there are 4 pickmen to 3 shovellers, the number of 

pickmen will be 4 times the ^ of the number of shovellers. 

No* shovellers to do the work in 1 day = 'Tqq = 100. 

„ barrowmen „ „ =2x100 = 200. 

„ pickmen „ „ =f of 100=133^. 

Now since the work is to be done in 20 days, we have. 
No. shoveUers to do the work in 20 days = ^ of 100=: 5. 

„ barrowmen „ „ =:J^of200=10. 

„ of pickmen „ „ =J^ofl33|=6f. 

Ex. 5. 

..T , 360 ^ 

No. relays = i20~ 

Hence there must be 3 times the number of barrowmen 

that there are shovellers. 

25000 
No. days' work of shovellers = "gnn" =^^^' 

„ „ pickmen = 2 times the \ of 50=33^. 

„ „ barrowmen = 3 times 60 = VG<^* 
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.% Total days' work =50 +33^+1 50 = 233J. 
/. Cost = 233^ X 28. 6d. = 29^ 3«. 4d. 

Ex.7. 

Here there will be 12 planks of 12 feet long each in the 

ramp. 

• .% Length of ramp = 12 ft x 12 = 144ft 

144 
No. relays on the ramp es -g^s= 1*8, 

300 
No. relays on the level = Toq = ^h 

Total number of relays = 1-8 +2-5 = 4*3. 

70000 
Days' work of shovellers = gQQ = 140. 

„ „ barrowmen = 140 x 4'3 = 602. 

„ „ pickmen=140xf = 93^. 
.•. Total number days' work = 140+602+93^ = 835^. 
.'. Cost = 835 J X 2*. = 83/. lOs. Sd. 

Ex.9. 

2 2 5 
Time each journey = g + i2~i2 ^^'*™' 

/, No. journeys per day = 10 -J- -^^ = 24. 

/. No. c. ft conveyed per day = 24 x 27 X 24 = 15552. 

1200000 ^^,^ 
,% No days to complete the transport = 15559 =77'1d. 

15552 
.% No. shovellers =-^QQ-= 31*104, 

A No. pickmen = f of 31-104 = 20-736. 

1200000 
No. days' work of shovellers = ■ ^^^ — =s 2400, 

„ „ pickmen = f of 2400 = 1600, 
.% Totalno. days' work = 2400+ 1600 =4000. 
/. Cost = 4000 X 3«. = 600/. 
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WORK IN OVERCOMING THE RESISTANCE OF 

FLUIDS. 

Abt. 14. 
Ex.5. 

Speed of the train per mm. s= gg — = 4400 ft. 

Resistance air = (jq) x33 = 53x33 =25x33=5825 lbs. 

Work due to the resistance of the air per min. = 825 x 
4400 = 3630000. 

Work engine per min. = 1 40 x 33000 = 4620000. 

/. Work engine per min. which goes to overcome friction 
=: work engine per min. — work due to the resistance of the 
air per min. = 4620000 — 3630000 = 990000. 

Work due to friction per min. in moving 1 ton = 8 x 4400 
= 35200. 

work which overcomes friction 990000 

/. No. tons-. work friction in 1 ton "" 35200 " 

28*1 tons. 

Or thtis. 

Let X = the number of tons in the train; then 

Resistance of friction in lbs. = 8^, 

.% Work due to friction per min. = 8* x 4400 = 35200a?. 

The work due to the resistance of the air, and the work of 
the engine, will be the same as given in the forgoing solu- 
tion. Now we have 

Work due to friction per min. -f work due to the air per 
min. SB work engine per min.^ 
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Hence we have, by substituting the values of these 

quantities, 

35200a; -h 3630000 =4620000, 

4620000-3630000 990000 

•*• *= 35200 ="35266"-^®*^*^^®' 

which is the same result as before found. 

Ex. 6. 

From the solution to the foregoing question, it appears 
that, after allowing for the work due to the resistance of the 
air, there are 990000 units of work of the engine remaining; 
this work must be expended in overcoming the other resist- 
ances. We first proceed to find the work due to friction 
and gravity in moving 1 ton. 

Work due to friction per min. in moving 1 ton = 8 x 4400 

= 35200. 

4400 
Rise of the rail in 4400 ft. = jQgg = 4-4 ft. 

•*• Work due to gravity per min. in moving 1 ton = 
2240 X 4-4 = 9856. 

Now observing that this work is done in favour of the 
engine, we have 

Work due to friction and gravity per min. in moving 

1 ton = work friction — work gravity = 35200 — 9856 = 

25344. 

^^ ^ 990000 ^^ 

/. No. tons = -2gg^=39. 

Or thus. 

Let X = the weight of the train in tons ; then 
Work due to friction per min. = 8 x a: x 4400 = 35200 x x. 
Work due to gravity per min. = a? x 2240 x 4'4 = 
9856 X X. 
And by the solution to Ex. 5. we have' 
Work due to the resistance of the air per min. = 363000O. 
Now as the train descends the incline, we have 
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Total work due to all the resistances per min. = 35200 
X a? + 3630000 - 9856 x x. 
Work engine per min. = 140 x 33000 =r 4620000. 
But when the train moves uniformly, the work of the 
engine is equal to the work of the resistances, 

/. 35200 X a? -f- 3630000-9856 X a?=4620000, 
.V 25344 X a: =990000, 
990000 „^ 
^=^5344"=^^^°^- 



• « 



THE MODULUS OF A MACHINE. 

Art. 15. 

Ex. 5. 

No. c. ft. water in the cistern = 7x5x6 = 210, 

A Weight water in the cistern = 210 x 62-5 = 13125. 

Vertical height to which the centre of gravity of the 
water is raised, or N G (see fig. p. 18.) = NB-hBG = 37 
+^ of 6 = 40 feet 

/. Work =13125x40 = 525000. 

Effective work of the man per hour = 2600 x 60 x -66 = 

102960. 

525000 
.% No. hours to fill the cistern = 1 02960 ^ ^'^ nearly. 

Ex.8. 

In fig. p. 18., let EF be the level of the water in the 
well at first ; H N R the level after the tank A B CD is filled ; 
g the centre of gravity of the water, HRFE, taken out of 
the well ; and G the centre of gravity of the water in the 
tank. 

No. c. ft. water in the tank= 12x9x 8 = 864. 
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Now since the vdnme of the water taken ont of the well 
is equal to the content of the tank, we have 

FB, or the depth to which the water is dq^ressed in the 
content tank 864 ,^^^ 
''^^ = 8ectionofweU=-20='^3'2 ^'^ 

.*. G^> or distance between the centres of gravity of the 
water in the tank and the same water in the well:=BF + 
|BC+iFR = 40 + iof 8 4-iof 43-2 = 40 + 4 + 21-6 = 
65*6 feet. 

.*. Work in pumping water = weight water xG^ = 
864 X 62-5 X 65-6 = 3542400. 

Effective work of the engine per min. = 4 x 83000 x *66 = 

87120. 

.*• No. min. to pump the water = 

work in pumping water 3542400 



effective work engine per min. 87120 



= 40*6. 
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WORK OF WATER. 



Work of a JVater'WheeL 

Abt. 17- 

Ex.2. 

Volume of water going over the fall per min. =3 x 2 x 12 
= 72 c ft. 

Weight of water going over the fall per min. = 72 x 
62-5 lbs. = 4500 lbs. 

,•, Work of the water per min. = 4500 x 20 = 90000. 

But the wheel does -^ ef this work, 

/. Work wheel per min. = ^ of 90000 = 63000. 

63000 
• H P — — — - =1«94. 
•• ^- •*^* " 33000 ^^^ 

Allowing that a horse power is able to grind 1 bushel of 

com per hour, we have 

No. bushels per day s: 1*9 x 10 =? 19 bushels. 

Ex. 5. 

Let a; = no. c. ft. of water pumped per min. 
No. c. ft. water going over the fall per min. = 180 — a?. 
/, Weight of water „ „ = (180 — a?) 62-5. 

.% Effective work wheel per min.5=(180 — «) 62*5x20 
X"7. 
Work in pumping water per min. :sxx 62*5 x 40. 

.-. a?x62-5x40= (180 -a) 62-5x20 x t^^; 
xx2sc (180-aj)^; 
/. 20 a? =1260 -7a;; 
A X 3= 46f , no. c ft. pumped. 
2 
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Ex.7. 

Work of the wheel per min. := 33000 X 2 = 66000. 
Effective work of 1 c ft of water = 62*5 x 20 x *68 = 
850. 

T^^ ^ A s, work of wheel 66000 ^^ ^ 

No. c. ft waters — xr-n — s t-= og/^ =77-64- 

work of 1 c. ft water 850 • • "^ 

Orthus. 

Let ;r= the no. c. ft of water ; 
.-. Wt of water = ar x 62-5 ; 
.*. Work of water per min. =« x 62*5 x20; 
.'. Work of the wheel per min. = a; x 62*5 x 20 x -68 
= arx850. 
But this work mnst be equivalent to 2 horse powers ; 

.*. a? X 850=33000x2. 

33000x2 ^^ 
-^= 850 =^^'^+ 

Ex. 8. 

Here, the weight of the water going over the fall per min. 
= 160x62-5 = 10000 lbs. 

Effective work of water per min. for 1 foot fall 
= 10000xlx-68 = 6800. 

Work in the wheel per min. = 33000 x 3=99000. 

^, ^ . ^„ work in wheel 99000 ,^.^ ^ 

••• N^- ^^* "* ^*" = workinlfootfaU=6860=l^^+^- 

Or thus. 

Let X = no. feet in the fall; then, 

Effective work water per min. = 10000 x « x '68 = 6800 x. 
Work in the wheel per min. = 99000. 
But the height of the fall is to be such as to produce this 
work ; 

.% 6800 a? = 99000 ; 

99000 , , ^ ■ 
•••*=6800'=^^*^+^^^ 
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Work of the Hydraulic Ram, 
Abt. 18. 

Ex. 2. 

Weight water spent per min. = no. gals, x wt. each gal. 

= 11 X 10= 110 lbs. 

Effective work per min. = 1 10 x 9 x -87 = 861 '8. 

Work in raising 1 c ft. of water = 62-5 x 30=1875. 

861-3 ,^ 
•% No. c. ft. water = . g,- , =s '46 nearly. 

Or thus. 

Let X = no. cubic feet of water raised per min. ; 

/. Work in raising this water = 62*5 x a? x 30. 

But this must be equal to the effective work pf the ram per 

minute; 

/. 62-5 xa?x 30 = 861-3, 
861-3 _ 
•*• *-"62-5x30"""*^* 

Ex.3. 

Here, the effective work per min. = 140 x 10 x -87 = 1218. 

Work in ndsing \ ft. of water to the height of 1 ft ss 

62-5x^x1=31-25. 

1218 
/. Height in feet=gY:2^ = 39 feet 

Or thus* 

Let x=: height to which the water is raised in feet. 

/, Work in raising the water per min. = 62-5 x J x a?. 

But this is also the effective work of the ram ; 

.•. 62-5 xix a? =1218, 

1218x2 
• • a? ""~ fio*f\ "" leet 

c 3 
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Ex. 4. 

The fall of the water in a hTdraoIic ram is 20 feet, the 
water spent per minute 10 gallons ; it is required to find the 
height to which the engine win raise 40 eabic feet of water 
per hour, the modulus being -87. 

Let a; =s the height in feet. 

Work in raising the water per hour =G2*5x40xxa 
2500 XX. 

Wt. water spent per hour = lOx 10 x 60 = 6000 lbs. 

Effectiye work of the ram per hour =6000x20x*87= 

104400. 

.-. 2500x27=104400, 
104400 
•••«='2500-=^^'^+^«*- 

Ex.5. 

In a hydraulic ram, the water spent per min. = 15 gal* 
Ions, the fall of the water =: 10 feet, the water raised per 
hour = 39 cubic feet, and the height to which this water is 
raised = 30 feet ; required the modulus of the ram. 
Let X = the modulus of the ram. 
Work per hour in raising the water = 39 x 62*5 x 30. 
Work water per hour = 15 x lOx 10x60. 
Effective work of ram per hour = 15 x 10 x 10 x 60 x 4?. 
•. 15xl0xl0x60xa?=39x62-5x30; 
39x62-5x30 
*""l5xl0xl0xe0~'^^- 



• • 
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WORK OF STEAM. 



Work o/* S^m^ having a mean Pressure* 

Abt. 22. 

Ex. 3. 

Here, load +iload+l + 15 = 48, 

.\ ^load = 32, and load = 28. 

Useful work engine per min. 28x 500x6 x 16 x*66s= 

887040. 

Work in pumping 1 foot water =62-5 x 160x6 = 60000; 

^ 887040 ,,^ 
••• No.cft.= gQQog = 14-7-h 

Ex.4. 

Work done upon 1 inch of the piston in 1 stroke =s 33 x 4 
= 132. 

Work upon the whole piston in 1 stroke = 132 x 500 = 
66000. 

Work upon the whole piston in 16 strokes = 66000 x 16= 
1056000. 
As this is also the work done per minute, we have, 

_ 1056000 
•■" 33000 "" 

Ex.7. 

Work per min. of steam with 1 lb. effective pressure 

= 800x6x20 = 96000. 

Effective work per min. = 33000 x 40 = 1320000 ; 

1320000 
A Effective pressure on 1 inch of piston = Ofiooo " — 

18-75 ; 
.\ Pressure steam= 1 + 15 + 13'75 ++ of 13'75=81-7 4-lh«». 

4 
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Ex, 9. 

Work done per min. =80x62*5x100x6 = 3000000; 

3000000 
.*. Work engine per min. = — ^gg — = 4545454 ; 

4545454 
Useful woA on 1 inch piston in 1 stroke ^ 20 x 1000 

227-27 ; 

007.97 
/. Useful load =-^=22-727; 

.\ Pressure steam = 22-727 + 1 of 22-727 + 15 + 1 

41-9+ lbs. 



fFork of Steamy with a mean Pressure, considered in relation 

to the Water evaporated, 

Abt. 23. 

Ex. 2. 

Here, load +1 load +15 + 1 =48, .% load = 28 lbs. 
By the experimental table, Art. 23., 
Volume 1 c. ft. water in steam at 48 lbs. = 575 c. ft. 
/• Volume of steam evaporated per min. = 575 x -4 = 
230 c. ft. 

Volume discharged at each stroke = — r77-^= 1*875 ; 

230 
.*. No. strokes per min. = rgTr = 122-6. 

Work in 1 stroke = 28 x 120 x 2^ = 7560. 

Work per min. = 28 x 120 x 2J x 122-6 = 926856 ; 

. XT p 926856 
•*• ^* ^' "" 33000 ""^^* 

Ex. 4. 

Useful load +^ of useful load + 15 + 1 = 60, 
A Useful load = 38^ lbs. 
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96x 2-J- 
Volume steam dischaiged per min. = ■ 144 x 100= 166f ; 

„ „ per hour a. 166fx 60 =3 10000. 

By the experimental table, 

Volume 1 c. ft. water in steam at 60 lbs. = 470 ; 

10000 
.•. Volume steam evapo. per hour s= -7=q-= 21*2+ eft, 

38^x2^x96x100 
^ 33000 



Ex.7. 
Total resistance to the motion of the carriages 

Tn) X 33 = 1228 lbs. 



Space moved over in 1 revo. of the driving wheel = cir- 
cum. wheel = 6 x 3-1416 = 18*8496 fpet ; 

.% Work in 1 revo. = 18-8496 x 1228 = 23147*3. 
Now as the engine has two cylinders, and as each piston 
makes two strokes while the driving wheel turns round once, 
it follows that the piston will perform 4 single strokes while 
the driving wheel turns round once, hence we have, 

Work of 1 lb. per inch pressure on the piston, in one revo. 
of the driving wheel = 1 x 120 x 1-5 x 4 = 720. 

Effective pressure on 1 inch of the piston 
work in 1 revo. 23147 



work of 1 lb. &c. "" 720 



= 321 lbs. 



40 
Resistance due to the blast pipe = 1*75 x tq= 7 lbs. 

/• Total pressure of steam on the pistons 32*1 +| ^^ 
32*1 +7 + 1 + 15 = 59*68 lbs., or 60 lbs. nearly. 
No. revo* driving wheel per min. 

space moved over per min. _ 40x5280 _,qpq 
-" circum. driving wheel "" 60 x 18*8496 "" ^^^'^' 
/• No. strokes of the piston per min. =186*8x4 = 
747*2 ; 

5 
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= 934 c. ft. 

But from the experimental table, 1 foot of water produces 
470 feet of steam at 60 lbs. pressure ; 

/. No. c. feet water evapo. per min. = jcg = 1*98 c. ft. 

Now a bushel of coals is supposed to evaporate 11*5 c ft. 

of water ; 

1*98 
•% No. bushels of coals used per min. = tt^. 

The no. minutes the engine is in going over 200 miles 
200x60 ^ 

1*98 
/, No. bushels of coals used for 300 min. = jy;v x 300 =r 

61 bushels +• 

Ex. 8. 
Here the distance travelled = 200 miles. 
The no. bushels of coals consumed =51. 

51 
/. No. bushels for 1 mile = goo 

/. Cost per mile for 40 tons = ^qq pence. 

^ _ ^ 51 X 15 ««^ ^ 

» » for 1 ton = 200x40 ^^^ ^ *^®^ ^^' 

things, or a little more than ^ of a farthing. 

Ex. 10. 
Here at 60 lbs. pressure 1 c. ft. of water forms 470 cubic 
feet of stream (see table Art. 23.). 

.% Volume steam formed per min. == 470 x •? = 829 ft. 

^ t ^. 3 90x16 ^ 

Volume cyhnder = •.hAg c. ft. 

•*• Volume steam discharged in one revolution of the 

, . . ^ , 90x16 , „, ^ 
dnving wheel = 2^28 ^ ^ =* H c- f- 
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329 

/. No. revo. of wheel per min. =-317 ("aultiplying nmne- 

987 
rater and denominator by 3) ="Tq" = 98'7. 

Space moved over by the carriage in 1 revo. of the driving 
wheel =6xa-1416ft 

.% Space moved over by the carriage per min. or in 98*7 

revo. of the driving wheel = 6 x 3-1416 x.98*7 ft. 

6 X 3-1416 X 98-7x60 
.*• Space moved over per hoor = 52S6 

miles = 21*1+ miles. 

Ex. 12. 
(1.) To find the number of strokes of the piston. 

60 X 5280 
Distance moyed oyer by the train per min. =—^^ 

= 4400 feet 

Distance moved over by the train in 1 revo. of the driving 
wheel = 5 X 3-1416 feet = 15-708 feet. 
.% No. revo. of the wheel per min. 

_^ Distance moved per min. 4400 ^ 
"" Distance in 1 revo. wheel "" 15-708 "" 
• * . No. strokes of the piston per min. = 280 x 4 = 1 120. 

(2.) To find the useful load. 

50 
Load +|load +l + 15+l-75x 2q= whole pressure of 

the steam, or 60 lbs. 

/. |load = 60-l-15-l-75x5 = 35-251bs. 

_ - 85-25x7 «^^^,^ 
.% Load = g — «30-84 lbs. 

(3.) To find the effective work. 

•*• Effective work in 1 stroke of the piston = 30*84 x 

120 x| = 4626. 

•% Effective work engine per min. or in 1120 strokes = 

4626x1120=5181120. 

e 
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^^ . „ ^ 5181120 ,^^ 
/. Effective H. P. = "33000"'^ ^^^* 

(4.) To find the weight of the train. 

In this example the effectiye work just found has to sus- 
tain a speed of 50 miles per hour, or 4400 feet per minute, 
in opposition to the resistances of friction and the resistance 
of the air. 

Work due to the resistance of the atmosphere per min. 

= (15) X 33 X 4400 = 3630000. 

.*• Work due to friction per min. = effectiye work engine 
per min. — work of the resistance of the air per min. = 
5181120-3630000=1551120. 

Work of friction per min. when train is 1 ton = 7 X 4400 
= 30800. 

... work friction per min. 

/. No. tons in the train = — — 1 /. . ^ ^ — ^ — ri — 

work friction per mm. for 1 ton 

1551120 ^^^ 

= 30800 = ^"'^ *^°^- 

(5.) To find the water evaporated from the boiler. 

Volume steam discharged each stroke = ""144 = TiT^^'ft. 

•*• Volume steam discharged per min. or in 1120 strokes 

150x1120 
= —144 — =1166|. 

But, by the table, a cubic foot of water yields 470 cubic 
feet of steam at 60 lbs. pressure. 

.*. No. c. ft. of water evaporated per min. = 47/) = 
2-48 c. ft. 

Ex. 13. p. 48. 
(1.) To find the duty of the engine. 
Here by Ex. 1. p. 42,, the useful work of the engine per 
minute is 24 x 33000, or 24 H. P. 

This work, it will be observed, is performed by the eva- 
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poration of *335 a. ft. of water. Now the duty of an engine 
is the work which that engine will perform with a bushel of 
coals, which we assume to be sufficient to evaporate 1 1*5 c. ft. 
of water; hence we have, 

Work of -335 c. ft. water = 24 x 33000. 

/. Work of 11 '5 c. ft. water, or work done by 1 bushel of 

, 24x33000x11-5 _. .... , ,.,.,, 

coals = ;«Qff = 27J milbons nearly, which is the 

duty of the engine. 

(2.) To find the cost of a H. P. 

No. c. ft. water evapo. for 24 H. P. per min. = '335. 

i^ . rr « . ^1. -335x60x6 
„ „ for 1 H. P. m 6 h. = 24 

= 5-025 c. ft. 
But since 1 bushel of coals evaporates 11*5 cubic feet of 

water, we have 

5-025 
No. bushels of coals for 1 H. P. in 6 h. = -rj:^ 

5-025 



/. Cost of 



99 



n 



if 



Work of Steam used expansively, 

Abt. 25. 

Ex.2. 
Here the space through which the steam acts with a con 
stant pressure is 2 ft., and therefore the space 
through which it acts expansively is 8 ft. less by 
2 ft., or 6 ft. Dividing this space into six equal 
parts, each interval will be 1 foot. Putting P for 
the pressure of the steam on the piston at first, or 
during that part of the stroke where it acts with a 
constant pressure ; P^ the pressure of the steam on 
the piston at the end of the first interval ; P2 the 
pressure at the end of the second interval, and so 
on ; then we have by Marriotte*8 law 



S» n 



6) '9 » 
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PyOr preflBore at 2 ft rf the stroke =:481be. 

P„ „ n 3ft. „ „ =^ = a2Ibs. 

P2, « . 4ft. « „ =^=241bs. 

Pa, « « 5ft. „ „ =^^=19^Ibs. 

P4, „ „ 6ft. „ ^ =— ;^=16lbs. 

7ft. w n =^5^=13-71 lbs. 

8ft. „ „ =^^ = 121b8. 

Now we have by Thomas Simpson's rale : 

Work done expansively on 1 indh of the piston in 1 stroke 
= i{48+12+4(82+19-2+13-71)+2(24+16)} 
= i {48+ 12+259-64+80} = 133-21. 

Work done before the steam is cut o£^ that is, with a con- 
stant pressure of 48 lbs. = 48 x 2 = 96. 

Work done against the piston by the vapour in the con- 
denser = 4x8 = 32. 

.% Total work on 1 inch of the piston = 133*2+96-32 
= 197-2. 

Ex. 3. 

Here, work on 1 inch of the piston in 1 strd^e s 197*2. 
/• Work on the whole piston in 1 stroke = 197*2x2400. 
•*• Work on the whole piston in 10 strokes, or woric per 
min. = 197-2 x 2400 x 10. 

Work in raising left, of water =62*5x 120x6. 

.XT A ^^ ' ^ • 197*2x2400x10 

/. No. c ft. water raised per mm. = e2*6x 120x6 

sl05. 



EZEBOISES ON MSOHANIOS. 89 



Ex.6. 

Here the space through which the steam acts expansively 
is 8 feet, and dividing this space into 4 equal parts, the 
space of each interval will be 2 feet ; hence we have, by 
Marriotte*s law, 

P, or pressure at 2 ft. of the stroke = 50 lbs. 

Pi, „ „ 4 ft. „ „ =^-?i^ = 251bs. 
Pa, „ ,, 6ft. „ „ =^5ii^ = 16flbs. 
P3, „ „ 8 ft, „ „ =^ = 12ilbs. 



4, » 



„ 10 ft. „ „ =^=10 lbs. 



Now we have by Thomas Simpson's rule : 

Work done expansively on 1 inch of the piston in 1 stroke 

= f{504-10+4(25 + 12i)+2xl6§} 

= I {60 -h 150+33^} = 162-2. 
Work done before the steam is cut off = 50 x 2 = 100. 
.•. Total work steam on 1 inch =162-2-1- 100 = 262-2. 

work steam on 1 inch _ 
/. Mean pressure steam = length of stroke 

?!^ = 26-22 lbs. 

Resistances = load -h ^ load +1+4. 
Now these resistances make up the mean pressure of the 
steam, 

/. Load+41oad+ 1+4 = 26-22. 
/. ^ load = 21 -22, 

.% Load = — -g = 18-56 lbs. 

At 60 lbs. pressure of steam, by the table, p* 42., one cubic 
foot of water gives rise to 554 cubic feet of steam. 
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.'. Volaine steam diadiarged per mm. as -8 x 554 = 
443^ c. ft. 

2000 

Volmne steam discharged at each 8troke=-|TT x2 c ft. 

•% Na strokes of piston per min. 
^ ToL steam disc per min. __ - -«^ 2000 
-^L steam disc each stroke ""^^"^"^ 144 ^* = 

443-2x144 _ 
2000x2 -*^'^^- 

Useful work per min. = load < area piston x length of 

stroke xna strokes per min. = 18*56 x 2000 x 10 x 15-955. 

T^^ . TT « 18-o6x 2000x10x15-955 ,^^^ 
/. Effective H. P. = 33000 ~ 179^. 

Ex.6. 

Here the space through which the steam acts ezpansiyely 
is 10— 1| or 8^ feet Dividing this space into 4 equal parts* 
the interval between each will be equal to ^ of 8^ ft. or 
2-^ ft. ; hence we have by Marriotte's law, 

P = 601b8. 

60x1} 
P,=:TjTojr (multiplying num. and deno. by 12) s 

60 X 20 ^^^^^ ,^ 
20+25 = 26-666 lbs. 

__ _60x2|__ _ 60)00 _ 
^3-1J+2tVx2""10+25""^^**^^*^ 
__60xii___ 60x20 _ 
' "" 1 J+ 2^ X 3 " 20+ 75 "" ^^*^ ^"^ 
60x1} 60xlf 
^*m-2Ax4 = "T0" = ^^^^ 
By Thomas Simpson's rule, we have work done expan- 
sively on 1 inch of the piston in 1 stroke = 

-^{60+10+4(26-666+12-63) +2 X 17-14}=^ X 261-48 
= 181-58. 
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Work done before thd steam is cut off = 60 x 1}= 100. 

.*. Total work steam on 1 inch = 181-68+100 = 281-58. 

281-68 ^«,^«,^ 
/. Mean pressure steam = — ^q — =28-158 lbs. 

This mean pressure of the steam being equal to the sum of 

all the resistances on the piston, we have, 

Load -+■ I load + 1 +4 = 28-158 lbs. 

^ ^ 23-158x7 ^^ ,^ 
/, Load=: g =20-2-hlb8. 



Additional Exercises. 

Ex.9. 

The length of the stroke of a condensing engine is 5 feet ; 
the steam is cut off at 1 foot of the stroke -. it is required 
to find the pressure of steam before expansion, when the 
work of the steam on each inch of the piston in one stroke 
= 70. 

Let X = the no. lbs. pressure of the steam on each inch. 
Dividing the space through which the steam acts expan- 
sively into 4 equal parts, the distance between each division 
will be 1 foot ; hence we have by Marriotte's law, 
P, or pressure at 1 ft. of the stroke =a; lbs. 

Pp 99 99 2 ft. „ „ =5 lbs. 



Pgj 99 » 3 ft. „ „ = - lbs. 

* 3> n » ^*t, „ „ ^ J lbs. 

* 4> 99 9f 5 It. „ „ = — lbs. 



Hence we have by Thomas Simpson's rule : 
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Work done espanaively on 1 inch of the piston in 

stroke s 

Work done before the steam is cut off = a? x 1 = «. 

73 118 

/• Total work of steam on 1 inch = « x :r=-|-a?=s « x -r? 

45 45 

But by the question this work is to be equal to 70 units^ 

.•. «x-^ = 70, 

70x45 ^^^,^ , 

.% X = — jyq- = 26*7 lbs. nearty. 



To find the point of the strohe at which the steam must be 
cut off so as to perform the greatest amount of work, 

Abt. 26. 

Ex. 2. 

Here the useless resistances s= 1+4+^ of 9*1 = 6*3 lbs. 

This is the pressure of the steam at the end of the stroke^ 

so as to yield all its worL Let x ■= the point of the stroke 

where the steam must be cut off so as to have this pressure 

at the end of the stroke ; then we have by Marriotte's law^ 

30xa? = 6*3x5, 

6-3x5 ,^^^ 
a?= gQ =:105ft. 



• • 
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Ex. d. 

Here the pressure of the steam at the end of the stroke must 
be 5 lbs. ; hence we have, adopting the notation of the last 
example, 

a:x40=:10x5, 

Ex.4. 

Here, or X 36 = 8 X (3+2), 

_40_10__ 
•*• X — Q^"~* Q ■"• *"y *eet« 
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TRANSMISSION OF WORK BY SIMPLE 

MACHINES. 



I%e Lever. 
Art. 28. 

Ex. 9. 

Here the weight or W acts at the distance of 3 inches 

from the fulcrum, and the power or P at the distance of 6 

feet or 72 inches from the fulcrum ; hence we have, 

Wx3 = 60x72, 

60x72 
A W= 3 =1440 lbs. 

Ex. IL 

Here, 6 ft. = 60 in., and 4 cwts. = 448 lbs. 

.% Px60=448x2, 

^ 448x2 ,^^ ,^ 
.% P = gQ = 14-9+ lbs. 

Ex. 12. 

Here, W=:5xll2=:5601bs., the distance at which W 
acts from the fulcrum = 4 inches, and P = 80 lbs. ; required 
the distance of F from the fulcrum. 

.•.80x distance of P =560x4, 

.*• distance of P = — k^ — = 28 inches. 

Ex. 13. 

Here, in the lever PA (see fig. page 59.), the pressure 

2x 12 
produced at A = — ^ — x 8 = 48 lbs. 
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3 X 12 
In the lever A B, the pressure prodaced at B = — ^ — x 

481bs.=2881hs. 

X 12 
In the lever B W, the pressure produced at W = — ^ — 

X 288 lbs. = 8640 lbs. = 8*8+ tons. 

Ex. 14. 

Let X = the distance of the pressure, 3 lbs., from the ful- 
crum, then 

3xa?=4x3+7x5, 

47 
.*. a? =-^ = 15|- inches. 



T%e Lever token its weight is taken into account 

Abt. 3a 

Ex.2. 

Here, referring toy?^. 1. at page 57., we have, 
PxAF+wt. lever xCF = WxBF. 
NowAF = 20in.; CF= SF-SC = SF-i of S R = 
24-^ of 30 = 9 in. ; B F = 4 in. ; W = 92 lbs. ; weight lever 
q;= 2 lbs. ; and P is required. Bj substituting these values 
in the general equation above given, we have, 

Px20+2x9 = 92x4, 
/.Px 20-*- 18 = 368, 
/. P X 20 = 350, 

...P = ^= 17-5 lbs. 

Ex. 3. 

In this case the distance at which the power P acts from 
the fulcrum is 60 inches. 
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/. Px60+4x26= 168x3, 

Ex. 4. 

Here all the data are the same aft in Ex. 1^ excepting that 

P = 10 lbs., and its distance, x, from the fulcrum is required; 

hence we have, 

10 xa;+4x 26 = 168x3, 

400 ,^. , 
.* , a? = -y^ = 40 inches. 

Ex.6. 

Here, we have (see^^. 2. page 57.), 

WxBF = PxAF+ wt lever xCF. 
Now BF^5in.; AF=13in.; CF = SF-SC = SF 
-JofSB=14-J of 18 = 5in.; P = 501bs.; wt lever= 
2 lbs. ; and W is required ; 

.% Wx5 = 50xl3+2x6, 

.-. W=-^=:1281bs. 
o 

Ex.7. 

In this case W is given =s 150 lbs., and its distance^ x^ 
£rom the fulcrum is required, 

/. 160xa? = 50x 13 + 2x5, 

•*• * =TF7; = ^"^^ inches, 
iou 

Ex. 8. 

Let X = the distance of the pressure, 30 lbs., from the 
fulcrum. 

Distance of the centre of gravity of the lever from the 
fulcrum = ^ of 36— 4 = 14 inches ; then we have 

30x«+16x 14 = 2x112x4, 
672 
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Ex. 10. 

In this case, we have {see^g, 2. p. 57.) 

Pressure on Ax AF = WxBF+ wt. lever xCF. 

But, AF = 80ft.; BF=10ft.; FR = 2ft.; SR«50ft.; 

.-. CF=:CR-FR=:iof SR-FR = Jof50-2 = 23ft.; 

W= 12 cwts. ; and wt. lever = 2 cwts. ; 

.% Pressure on Ax 30= 12x10+2x23 ; 

/. Pressure on A = -^^ ss 6*53 cwts. 

Now the whole pressure on the two props is equal to 
12 cwts. + 2 cwts., or 14 cwts. ; 

/. Pressure on F = whole pressure —• pressure on A 

= 14 cwts. — 5*53 cwts. 
= 8*47 cwts. 



Art. 31. 

Ex. 3. 

Here W=27*l lbs. and its distance, x, from the centre F of 
the rod is required ; first, when the pressure of the steam in 
the boiler is 40 lbs., and second, when the pressure is 20 lbs. 
(First) Total pressure of the steam on the valve = pres- 
sure steam per sq. in. x no. sq. in. in the valve = 40 x 6 =5 
240 lbs. 

•% Effective pressure of steam on the lever = total pres- 
sure steam on tie valve — wt. valve = 240— 4 s= 236 lbs. 

/. 2M X flT+5 X 10 = 236 X 2, 
422 
•*• ^ ~ stH^ ~ ^^'^ inches. 

(Second.) Proceeding in the same manner, we have effec- 
tive pressure of steam on the lever = 20 x 6—4 = 116 lbs., 

/. 27-1 xap+5x 10 =116x2. 

162 ^^. , 
/. « = 5=q = 6*7 mches. 
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Art. 32. 
Ex. 2. 

Here, advantace — length arm by which the power actf 
^^ length arm by which the resistance ac 

Ex.4. 
Let A B C A represent a section of the 
cube ; G-^ a vertical line passing through 
its centre of gravity G ; P the pressure 
perpendicularly applied at C, tending to 
overturn the solid on A as a centre. 

Here the leverage of P is Ak = B C = 4 ; the leverage < 
the mass is A^ =^AB = ^of4 = 2; and the weight of tl 
mass ABC A = 4x4x4x 100 = 6400 lbs, ; 

.*, P X Ak = wt. mass x A^, , 
A P X 4 = 6400 X 2, 
/. P = 3200 lbs. 

Ex.6. 

Here the tension of the cord = 30 cwts. ; W is requirec 
and as in Ex.5., 0P= 15-2; ON=12-5; OR = 6!2; ar 
wt. pole = 2 cwts. ; 

/. Tension cordxOP = WxON+wt. pole xOR; 
/. 30 X 15-2 = W X 12-5 +2 x 62, 



.% W = 



80 X 15-2 -2 X 6-2 _ 443-6 
12-5 



12-5 

Ex.7. 

Here OD = 50; DN = 40; W = 
15 cwts. ; and wt. O D = 1 cwt. ; and 
the tension of the cord A D, acting in 
a horizontal direction, is required. 

OA, the perpendicular upon AD, 
= DN = 40; 



= 35*4 cwts. 
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O N = ^/O D2-D N3 = ^/ 502-402 = 30 ; 

and because OC = iof OD, .'. OR = iON=15; then 

by the equality of moments, 

Tension cord x O A = W x O N+ wt. pole x O R, 

/. Tension cord x 40 = 15 x 30-f 1 x 15, 

465 
/. Tension cord = — -= ir6+.cwts. 

Ex.8. 

iHere, OD = 50; C = 12 ; W= 15 cwts. ; wt. pole = 
1 cwt.; tension cord = 12 cwts. '; and O N is required. (See 
the last figure.) 

Let a: = O N ; then by the similar triangles O N D and 
ORG, we have 

OR_ON 
OC"OD'^^ 

0R_^ . ' P_12a? 
12 ~50' •• 50 ' 



O A = ND= vOD2-ON2= ^/2500-x^ 
By the equality of moments, we now have 
Tension cord x O A = W x O N+wt. pole x OR, 

12ar 



50' 



/. 12x >v/2500-ar2 = 15x.'c-hlx 



.-. V2500-a;2=g+l)a:, 
.% X = 30-9 feet. 



Ex. 10. 

Here we have, as in Ex. 9., 

Tension chain x B O = wt. Q x Q B4 wt. platform x C B^ 

D 



50 
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Supposing the chain to go 
over a pulley at D, and a 
weight P attached to it, so as 
to support the platform ; then 
the weight of P will be the 
tension of the chain, or the 
force with which it is stretched. 

In this example, A B = 3 ft. ; I 
QB = 2ft.; BD = 4ft.; wt.Q = 8cwts.; wt. platform = 
1 cwt. ; and C B, the distance of the centre of gravity of the 
platform from B = i of A B = ^ of 3 = f ft. 

To find B O, we have 

AD= VAB2 + BD2= VSM^rrrfift.; 

AreatriangleABD = iABxBD = ^ of 3x4 = 6; 
also, Area triangle ABD = ^ADxBO=i of 5xBO 

=|bO; 
/.|bO = 6, 

.-. BO=^ = 2-4ft. 
o 

Substituting these values in the general equation, we 

have 

3 



Tension chain x2-4 = 8x2 + lx 



2' 



Tension chain = 



8x2-f-lx| 
24 



= 7*29 cwts 



Ex. 11. 

By the equality of moments, (see figure, page 65. text.) 
Tension cord x 0P= WxON+wt. pole xOR. 

(1.) To find OP. 

By the common rule of mensuration for finding the area 
of a triangle, having given the three sides, 
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Area triangle A O D = 95 sq. ft. ; 
but we have also, 

Area triangle A OD = i A DxOP 

r-^of25xOP = 12-5xOP, 
.-. 12-5xOP = 95, 

/. OP=^ = 7-6ft. 
12*5 

(2.) To find O N and O E. 
In like manner, we have, 

Area triangle A OD = i A OxDN 

= iof 10xDN = 5xDN; 
/. 5xDN=95, 

.-. DN = -^ = 19ft. 
o 



ON=a/OD2-DN3=: V20a-192=6-25ft. 
/. OR = iON = ^ of 6-25 = 3-12 ft. 
Substituting these values in the general equation, 
Tension cord x 7-6 = 20 x 6-25+2 x 3-12 

= 131-26, 

.• . Tension cord = — =-7^- = 17*3 cwts. nearly. 

7-6 ^ 



Centre of Gravitt/, 
Art. 33. 

Ex. 2. 

( Wt. A 4- wt. B + wt. C) X G F = wt. A X A F + wt. B X 
BBi-fwt.CxCF; 

NowAF=l; BF = AF4-AB = l+3=4; CF = AF 
+AB+BC = l-f34-10=14;wt.A=21bs.;wt.B=4Ibs.; 
and wt. C = 8 lbs. ; 

.:. (2+4+8) xGF = 2x 1+4x4+8x14, 

.•.GF=^ = 9-2+, 

D 2 
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which is the distance of the centre of gimritj from the 
assimied point F. 

Ex. 3. 

Let F be the centre of grmTitj of the two bodies ; then 
thej would balance each other on a folcnun at F. Let 
ar = P F ; then W F = 20— x ; and bj the equality of mo- 
ments, 

PxPF = WxWF; that is, 

2xx=3x(20-xX 

/. 2x = 60— 3xi 

.-. &r = 6Q,andT=12, 

which id the distance of the centre of gravity from P. 



Art. 37. 

Ex.2. 

Here we have, 

fl+2 + 3>r=lx3+2x4 + 3x7; .\ x^S^it; 
(lH-2+3)y = ly2+2x9+3xl0; /. y = 8ift. 



Wheel and Axle. 

Abt. 38. 

Ex.2. 

Here, W x radius axle = P x length handle ; now in 

this example, W = 500 lbs. ; P = 80 lbs. ; length handle 

= 2 fit. = 24 in.; 

500 X radius axle = 80 x 24, 

. ,. , 80x24 „o,. 
/. radius axle = _-- = 3-84 in., 

uOO 

/. diam. axle = 384 in. x 2 = 7*68 in. or '64 ft. 
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Ex. 3. 



Work P in 1 revo. = 60 x 4 x 3-1416, 
„ W „ =WXj^x 3-1416, 

/. W X ^ X 3-1416 = 60 X 4 X 3-1416, 

A Wx^ = 60x4, 
/* W = 480 lbs. 



Ex.4. 



Here, advantage = -p = 



W 480 
60 



= 8. 



Ex. 5. 

Here if ^ of the power is destroyed by fidction -f- must re- 
main ; in this case, therefore, W = |- of 480 = 41 If lbs. 



Cogged or Toothed Wheels, 

Ex. 2. 

Let the axle I and wheel Q make one revolution ; then 

30 
the no. revo. of the wheel C = a- =5; 

b 

/. Space moved over by W = ^ X 3*1416 ; 

„ „ P = 2-8x3-1416x5; 

Work due to W = ^ X 3-1416 x W; 

„ „ P = 2-8x3-1416x5x60; 

/. i X 3 1416 X W = 2-8 X 3-1416 X 5 x 60 ; 

/. ^W = 2-8x5x60; 

/. W = 2-8x5x60x3=:25201bs. 

Ex.4. 
Let X = the no. teeth in the wheel Q. 

D s 
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I>t tb« wh^l Q and its axle make one Terolutioii, tken 
w-. hare 

No. reiTOu wheel C = ^ ; 

o 

.>f>a/r^ mored orcr by P = 2^ x 3-1416 x ^ ; 

o 

/. WorkdaetoP = 2-8x3-1416x-xeO; 

o 



r» j» 



W = 4x31416x2240x2; 



/. 2'Sy3'1416yf xe0 = 4x3-1416x2240x2; 

o 

/. 28xx = Jx2240x2; 

_ 2 240x2 _ ^ 



Compound Wheel and Axle. 

Abt. 39. 

Ex. a 

T>;t the handle H make one revolution. 

20x2 
Space moved over by P = — To"- x 3*1 416 ft. 

20 V 2 10 

Work of P = -'-^- x 3-1416 x 1 = -^- x 3-1416. 

Sf>ace moved over by W in ft. = ^ of {circuni. A — cir- 

^ X 3-1416— ^X 3-1416 , o^A^c 1 o^A^a 

f-nxfuC) =^ o-^ = i X 3-1416 — J^ x 3-1416 

-ri-i)3-1416 = T»jrX 3-1416. 

.% Work W = tVx31416xW; 
/. V7x31416xW=y»x 3-1416; 
/. tVW= ij> ; /. W = 401b8. 
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Ex.4. 

^ !_ i.T^. , -6 X3-1416--4X 3-1416 ,,^ 
Woik of W in 1 revo.= 2 x600 

=•1x3-1416x600; 
Work of P in 1 revo. = 3 x 31416 x P ; 

/. 3 X 3-1416 X P = -1 X 3-1416 x 600, 
.-. 3P = 60, andP = 201bs. 

Ex. 5. 

Here, proceeding as in Ex. 2., we have 
Px length handle H-^Wx radius small axle =^Wx 
radius large axle. Now P = 1 lb.; W = 160 lbs. ; length 
handle = 20 in. ; radius small axle = 2 in. ; and radius large 
axle is required ; hence we haVe 

1 X 20+^of 160 x2 = ^ of 160 X radius large axle ; 
. • . 180 = 80 X radius large axle ; 

. •. radius large axle = -^ = 2 J inches. 

77ie Pulley. 

Art. 41. 

Ex. 3. 

In this case, while W ascends 1 foot, P descends 8 feet. 
If P descend 8 feet, the first moveable pulley will ascend ^ of 
8 feet, or 4 feet ; the second ^ of 4 feet or 2 feet ; and the 
third ^ of 2 feet or 1 foot. 
Work ofP = 100x8; 

Work of the 3rd moveable pulley =3x1=3, 
„ 2d „ „ =3x2 = 6, 

„ Ist „ „ =3x4=12 

/, Total work in raising the pulleys = 3 + 64-12 = 21; 

D 4 
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Work of W= Wxl = W, 

.-. Work of P=work of ?r<htotii w>jii^ in raisEo^ the 
puQejSb 

Ex. o. 

H^^re. as in Ex. -L, if W with its paQer B isccnd I foot. A 

will ascend 3 feet, ind P wiU descend 9 feet ; hence we have 

Work P = work W-hwork pollej B-hwork pofler A ; 

.•.Px9 = eOOx 1+6x1+2x3; 

612 
.-. P = -~=68Ih6. 

Ex. 6. 

As A has 3 times the motioii of B, so in like manner B 
will have 3 times the motion of the nextpollej ; if therefore 
the third pnllej ascend 1 foot. B will ascend 3 feet, A wiU 
ascend 3 times 3 feet or 9 feet, and P will desooid 3 times 
9 ff^ or 27 feet. Hence 1 lb. at P wiU obrioiistf balance 
27 lbs. at W. 

Imehmed Piame. 



Ex. 2. 

Here in order to raise W over 20 feet in opposition to 
gravitj, P most descend 100 feet ; 

/. Work in raising W=: 40x20, 
Work ofP = Px 100, 

/. Px 100 = 40x20, .•.P = 81bs. 

Ex. 4. 

llerff, as the inclination of the plane is small, we haye 
liesistance of friction = ^^ of 56 Ibs.=-^ lb. ; 
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/. Work doc to friction = -2 x 100= 20. 

Work due to gravity =56 x 2= 112 ; 

Work of the pressure P = P x 100 ; 
A Px 100 = 20+112, .%P=l-321ba. 

Besistanoe of friction = ^ of 90 lbs. = 31b6. 

.\ W<^ doe to friction =3x100 = 300. 
Work due to gravity =90x-2 = 18. 
W<H-k of the pressure P = Px 100. 
Now as the body moves down the plane, 

.-. PxlOO=300-18; 

•••^ = ^ = 2-82 lb,. 

Ex.a 

Let X = the height of plane in feet ; 

/, Work doe to gravity = 90 x x ; 
And work doe to friction = 300, as in Ex. 6. ; bot in this 
case the work doe to gravity most be eqoal to that of fric- 
tion ; 

300 
90 



/. 90xa?=300; .•.x=^ = 3^ft. 



The moveable inclined Plane^ or Wedge. 

Art. 43. 

Ex. 2. 

Work applied for the whole length of the wedge = 400 x 2 
Work done =Wx-4; 

.-. Wx-4 = 400x2, 

...W = ^=2000 lbs. 
•4 



D 5 
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7%e Screw. 
Art. 



Ex.2. 

Let the lever be turned round once ; then 
Space moved over by P = 4 x 31416 = 12*5664 ; 
„ „ „ W = thickness thread = ^ ft. ; 

. •. Work of P = 60 X 12-5664 = 753-984 ; 
and work of W = Wx^ ; 

.-. W X j^ = 753-984 ; 
. •. W = 753-984 X 24 = 18095 lbs.-}-. 

Ex.3. 

W 18095 ^^^ ^ 
Advantage = ^ = ""eo" ~ ''" ' 

Ex. 5. 

Work of Pin 1 revo. = Px 3x3-1416; 
„ W „ =10x2240x^; 
.-. Px3x3-1416=10x2240x^; 
10x2240 
•*• ^"3x3-1416x12""^^^^*^®' 



The Compound Screw. 

Art. 45. 

Ex. 2. 

Let the lever be turned round once ; then 

Space moved over by the press board =|^ — ^- = ^ in. = -j^fU; 

Work resistance, or work of W = W x ^ ; 
Work applied = 1 x 2 x 1-5 x 3-1416 = 9-4248 ; 

.-. Wx ^=9-4248; 
/. W = 9-4248 X 96=904 lbs. -f . 
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Ex.3. 



WorkofP = Px 3x3-1416; 
„ W=4x2240x|g; 



.-. Px3x3-1416 = 4x2240X|g; 

4 X 2240 
^ = 3x31416x48 =^»»^^ 



The Endless Screw. 
Abt. 46. 

Ex. 2. 

Let the axle turn round once ; then the handle must be 
turned round 20 times ; 

.-. Work applied = 60 x 1*5 x 2 x 3-1416 x 20 ; 
and, Work done = W x -3 x 2 x 3-1416 ; 

/. Wx-3x2x3-1416 = 60x 1-5 x2x 3-1416x20; 
.-. Wx-3 = 60x 1-5x20; 

...W=?^2ii4^ =6000 lbs. 
-3 

Ex. 3. 

Here proceeding as in the last example, we find 4500 x -3 = 
Pxl-5x20, 

^ 4500X-3 .^.. 

•'• P = . g on = 45 lbs. 
1-5x20 

Ex. 4. 

Let X = the No. of teeth ; then, supposing the axle to re- 
volve once, we have 

Work applied = 1 x 2-8 X 3-1416 x x ; 
Work done =280 x -4 x 3-1416; 

D 6 
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.% 1 X 2-8 X 31416 X a? = 280 X -4 X 3-1416; 
/. 2-8xar = 280x-4 

_280>r4_ 
•*• ^ - 2-8 ■" 



Hydrostatic Press. 

Art. 47. 
Ex. 2. 

By Ex. 1., a pressure of 1 ton is applied to the small 

piston ; then the number of times which this pressure is 

, , .1 /I .-I area large piston 600 ^^^ 

increased by the fluid = ^n-^ =-^-=800. 

'' area small piston ^ 

But as 1 ton is applied to the small piston, the pressure 

produced upon the large piston will be 800 tons. 
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ACCITMULA.TED WORK. 



Force of Gravity, 
Art. 50. 

Ex. 2. 

Velocity acquired in 1 sec. = 32^ ft. 



» » 



3 sec. = 3 times 32 J ft. 



= 96i ft. 



Ex. 4. 

J 70 420 ^^^ 
;No. seconds = k^, = ypr^ = 2*l7. 

Ex. 6. 
Space = 32 X 16t^ = 9 x 16^^ = 144| feet. 

Ex. 7. 
Height of tower = 4^ x IG^V = 16 x 16^. = 257^ feet. 

Ex.9. 

Space due to projection = 2 x 5 = 10 ft. ; 

„ gravity = 2^ x 16,53. = 64^ ft. ; 
/. Total space = 10+64^ = 74 J ft. 

Ex. 11. 
Here, from the general formula, we have 

S = jf2xl6TV, 
.•.40 = ^2x16^35^ 
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, 40 480 ^ ^^ . 

.% t= a/248 = 1-57 sec. 

Ex. 13. 

386 
Time of the body's fall=g2T= ^^ seconds. 

.•. Space = 122 x 16^ = 144 x 16,^ = 2316 ft. 

Projectiles, 

Abt. 51. 

Ex. 2. 

V'so' 
jg-r=2-234-sec. ; 

.% Distance = velo. projection x time in falling 
= 90x2-23 =200-7 feet. 



Work accumulated in a Moving Body, 

Art, 52. 

Ex. 5. 

^ ,. , , , ^^ 50^x10 25000 75000 ^^^ 
Work m the body, or U= 2l<32i'~ "siT"'^ 193 ^ ^^ "^ * 

Resistance of friction = ^ of 10 lbs. ; 

/.Work destroyed by friction in moving the body over 
1 foot = T^ of 10x1 = 1. 

388 
/. No. ft.=-j^=388 ft. 

Or thus, 

Let X =: the space in feet ; then 

Resistance friction =-j^ of 10 lbs. = 1 lb. 
Work destroyed by frictiofi = 1 x or = a^ 
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But, from the foregoing solution, the work accumulated 
in the bodj is 388 ; and this work must all be destroyed 
before the body can come to a state of rest. 

.% X = 388 feet. 

Ex. 7. 

^ ^ 40x5280 176. 

Speed per sec.=-^Q — ^tt =~q~ "• ' 

/176\2 

(-3-j X 60x2240 

/. Work in the train, or U = 2x32^ ~ 

176x176x60x2240 ^ 
3x3x2x32^ - ' ^^^^^ 

Work due to friction in moving the train over 1 foot = 
8x60x1 = 480; 

Work due to gravity in moving the train over 1 foot = 

60 X 2240 XTtTy= 1344; 
Total work of the resistance over 1 foot = 480+ 1344= 

1824. 

7190283 
/. No. ft.=— jg24-=3942 ft.= -74 miles. 

Or thus, 

Letxsthe distance in feet to which the train will as- 
cend the incline. 

Rise of the rail in 100 feet = 1 foot; 

X 

. . „ X 1661 — ^ 1 r^\ leet* 

Work due to friction = 8 x 60 x a: ; 

X 

Work due to gravity = 60 x 2240 x j^^ ; 

.% Total work of the resistances when the train stops 
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= 8x60xa?-f60x2240xy^ 

= a? X (8x60+60x22-4) 

= 07 X 1824. 

Now, by the foregoing solution, the work accumulated in 

the train is 7190283 ; 

.-. a? X 1824 = 7190283; 

7190283 ,^,^^ ^, ., 
. •. aj = - .Q2A = 3942 ft. = '74 miles. 

Ex. 8. 

^ ^ 20x5280 88^ 

Speed per sec.= ^^^ = 3-ft, 

(y)\ 60x2240 
.'. Work in train, or U= 2x321 =1797519. 

"Work due to friction in moving the train over 1 foot = 
8x60x1 = 480. 

Work due to gravity in moving the train over 1 foot = 
60 X 2240 X ^ = 4480. 

.*. Total work of the resistance over 1 foot =480+4480 
= 4960. 

.-. No. ft. = ^^^^ = 362-4 ft. 

4960 

Or thus. 

Let X :;= the distance in feet to which the train will ascend ' 
the incline. 

Rise of the rail in 30 feet = 1 foot ; 

. * • „ „ X leet 2^ Q^ leet. 

Work due to friction = 8 x 60 x a? = 480 x x ; 

„ „ gravity = 60 x 2240 x ^ = 4480 x x ; 

. * . Total work of the resistances = 480 x a; + 4480 X a? s= 
4960 X a?. 
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Now, by the foregoing solution, the work to be destroyed 
is 1797519. 

.-. 4960 X a; =1797519, 

1797519 _^.. 

• '• ^ = An^n = 362'4ft. 
4960 

Ex. 11. 

2002 x4 
Work in the ball, or U = -x — 5^ (to clear of fractions) 

== 6x32i ""'^^^^- 

Now the pressure of 1 lb. upon the ball would produce 10 

units of work. 

2487 
. • . Mean pressure on the ball = = 248*7 lbs. 

Or thus, 

Let X = the mean pressure on the ball in lbs. 
Work of the elastic vapour = a? x 10. 
But this is equal to the work accumulated in the ball. 

.-.07x10 = 2487; 

.•.a? = ^ = 248-71bs. 



Additional Exercises. 

Ex. 15. 

A carriage of 1 ton moves on a level rail with the speed 
of 9 ft. per second ; what will be its velocity after it has 
moved over the space of 300 feet, supposing friction to be 
6 lbs. per ton ? 

92 X 2240 
Work accumulated in the carriage = — grr — 

Work lost by friction = 6 x 300 = 1800. 

92 x 2240 
.-. Work remaining in the carriage = — ^ — 1800. 
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Let V ^ the velocity of the. carriage in feet per second ; 

then 

v^x2240 
Work accumulated remaining in the carriage = — ^jj — , 

04-g- 

v^ X 2240 _ 9^ 2240 
•*• 64^ " 64^"^^"^' 

/9-^x 2240- 1800 x64i 
•••*'=V 2240 ^=5-4+ ft. 

Ex. 16. 

What would be the velocity of the carriage in Ex, 15. 
after moving over the space of 400 feet ? 
Here we have 

v^ X 2240 _ yx22 40 

644 "~ 641 -2400 ; 



V92x 



2240-2400x64^ 
2240 



= ^12-07 = 3-47 ft. 

Work in a Rotating Body. — Centre of Gyration, 

Art. 53. 

Ex.2. 

Space described by the wt. in 1 revo. ^6x2x 3' 1416 = 
31 -416 ft. 

^ . . i» 1. . , 31-416x10 , 
. • . velocity of the weight per sec. = -^ =5*236 ft. 

^r i_. ^ 1. , 5-236«x 10x112 ^^^ 
. • . Work in the wheel = o^oni = 477*28. 

Circumference axis =-^x3*1416 = '7854. 

.*. Work destroyed by friction in 1 revo. = friction x cir- 

cum. axis =l^x-7854= 125.664. 

477*28 
. • . No. revolutions = 1 05 '664 ~ ^*^* 
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Ex.4. 

By Ex. 3., the work in the wheel = 1954*9 ; and the 
work in 1 lift of the hammer, exclusive of friction, = 400. 
Now we have to find the work destroyed by friction in 
1 revolution of the wheel in order to determine the total 
w^ork of the resistance. 

Pressure wheel upon the axis =^ of 4x112 = 56 lbs. 

Work destroyed by friction in 1 revo. ^ 56 x ^^ = 28. 

As the hammer makes one lift in every revolution of the 
-wheel, we have 

Work of the resistances in 1 revo. = work of the hammer 
-f work of friction = 400 + 28 = 428. 

work in wheel 



No. Hfts = 



work of resifetances in 1 revo. 

1954-9 , , 

=4-5-1-. 



"" 428 

Ex.6. 

^ The whole weight of the stone is collected in a point which 

is caUed the centre of gyration, but we have 

Dist. centre of gyration from the axis = radius x \/^ 

= #XA/ift. 

Velocity of a point 1ft. from the axis =2x3-1416 = 

6-2832 ft. 

. • . Velocity wt., or a point ^ ^\ ft. from the axis = 6-2832 

xf^/i ft. = 9-4248 x^/^. 

The square of this velocity =9-4242 ^ 2 ~ 44*405, 

44-405 X 300 
. -. Work in the stone = — ^ — 501 = 207-05. 

^ X Oi5^ 

Circum. axis = V^ X 3*1416 ft 

Pressure oii the axis = ^ of 300 lbs. 

. • . Work destroyed in 1 revo. by friction = t^x3'1416x 
-1x300 = 9-81. 

207-05 
.*. No. revo. ——^-^ = 21*09. 
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Maonnuim Velocity of the Piston of an Engine. 

Art. 5d. 

Ex.2. 

Let X = the point of the stroke, then as the Telocity of the 
piston will be greatest when the pressure of the steam is 
20 lbs., we have 

a?x20=2x40, 

2x40 

•'•*'"■ 20 — '*"• 

Ex. 5. 

By Ex. 4., Art. 25., the mean pressure of the steam = 

14'9 lbs., and therefore this must also.be the pressure of the 

steam at that point in the stroke where the velocity of the 

piston is a maximum. Putting x = the distance of this 

point from the bottom of the cylinder, we have 

X X 14-9 = 1 X 30, 

. • . a? = 2 feet nearly. 

The steam will therefore act expansively over 1 foot of 

the stroke. Dividing this space into 4 equal parts, the in* 

terval between each will be \ ft. ; hence we have after the 

method of Ex. 2., page 37. 

P = 30 lbs. 

^ 30x1 120 ^ ,, 
P,=^^=-y- = 24lbs. 



30x_l 60 

30 X 1 120 

If - 7 
30x1 



Pa = — n— = -TT- = 20 lbs. 



P3 = — r^ =-^ = 17-14 lbs. 



P4= ——-=15 lbs. 

.*. Work done expansively on 1 inch of the piston up to 
the point of maximum velocity 

=|{30 + 15+4(244-17-14)-f2x20} 
ss^X 249-56 = 20-8 nearly. 
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Space moved over by the piston before the steam is cut 
off=l-i = |ft. 

. ' . Work done on 1 inch of the piston before the steam is 
cut off = 30 X I = 22-5. 

. * . Total work on 1 inch of the piston up to the point of 
maximum velocity = 20-8 + 22-5 = 43-3. 

.*. Work on the whole piston up to this point = 43-3 x 
1440 = 62352. 

We have now to find the work absorbed by the re- 
sistances. 

Length of the stroke =2 — ^ = 1| ft. 

. * . Work done on the resistances := mean pressure steam 
X length of stroke x area piston «= 14*9 x 1£ x 1440 = 
37548. 

.-. Work remaining in the piston when it arrives at the 

point of max. velocity = work steam — work resistance 

= 62352—37548 = 24804, which is the work accumulated 

in the engine. 

V»x30000 
.-. 641 = 24804 ; 



. ^, / 24804x64i ^ 
• • ^ — V 30000 —* ^^^ 

Velocity acquired by a Body descending an inclined Plane. 

Art. 57. 

Ex.2. 



No. seconds to descend 8 feet= a / : 



8_ 

16A' 
See Ex. 10. Art. 50. of the text ; 



.% Velocity acquired = \/ r^jr x 32J = 22-6 ft. 
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Work of the Fire Engine. 

Abt. 62. 

Ex. 3. 

Weight of water discharged per sec = yi^ x 120 x 62'o 

,, „ „ per min. = y^ x 120 x 62"5 x 60 

=3125 lbs. 

, , ^ , 1202x3125 45000000 

/, Accumulated work per min. = — ^r — ^— j — =. — — — — 

' = 699481. 

Poncelefs Water Wheel 

Abt. 63. 

Ex- 2. 
Weight water flowing per sec. = 70 x 62*5 = 4375 lbs. 

— , 6^x4375 oAAoxo 

/. Work per sec. = — ^tt — = 2448-18. 

.% Work per min. = 2448*18 x 60 = 146890. 

146890 
/. H. F. — 33000 —4-4 + . 

Ex. 4. 

Here the velocity with which the water leaves the paddles 
= 9—2x4=1 foot. 

^ 12x60x62-5 

/, w ork remaining in the water = gj^ . 

«r , . , ^ 92x60x62-5 
Work m the water at first = ^ji . 

/. Work done on the wheel per sec. 

92x60x62-5 l»x 60x62-5 80x60x62-5 ^^^^ 

— = 4663. 



64^ 64^ "^ 64^ 

4663 x 60 
•'• ^' ^' — 33000 " ® ' • 
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2W 

Or thus, by the formula, U = — (V— i?)r. 

Where U is the work per sec-; W= 60x62-5; V=:9; 

»=4; and ^ = 32^; 

2x60x62-5 2x60x62-5 X 5x4 

•'• ^— 32^ X(9— 4)x4— - 22^ 

=4663, which is the work per sec. ; and so on as before. 



THE FLY WHEEL. 

Akt. 65. 

Ex.2. 
Here, by the general formula, 

W = ^rN3X ^08-2 lbs., 

15 X 330000 
W = 108x208 ^ ^^^'^ ^^®" = ^'^ ^^' 
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EQUILIBRIUM OF PRESSURES, &c 



Art. 67. 



Ex. 1. 



Construct the right-angled triangle ABD (see fig. p. 66. 
of the text), having AB = 3, BD = 5 ; take BC = 2 ; draw 
CO perpendicular to AB, intersecting AD in O; take On 
= 1^ ; join O B ; and complete the parallelogram nreO. 
Then the units in O r = -8 tons, which is the pressure on 
the hinge; Oc=ri6 tons, which is the tension of the 
chain. 

Ex. 2. 

The construction of the triangle ABD, &c., being the 
same as in the last case, take On = 8, from any convenient 
scale, and complete the parallelogram of pressures 72 r e O as 
before ; then O r = 4'3 cwts., and O e = 6*2 cwts. 

Ex. 4. 

Here e is taken 32 units from any convenient scale ; 
and so on as in Ex. 3. ; then the units in O n, measured 
from the same scale, are 41, which is the number of cwts. 
acting on the chain. 

Abt. 68. 

Ex.2. 

Here having constructed the triangle A D, &c. (see 
fig. p. 65. of the text), Dn is taken 15 units, and the 
parallelogram "Dnleis constructed ; then the units in D e 
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:s 16, which is the number of cwts. acting on the chain ; 
and D I = 29, which is the number of cwts. acting on the 
pole. 

Ex. 4. 

Here De is taken equal to 22, and the parallelogram 
nleD is constructed ; then the units in D » are found to 
be 20 nearly, which is the number of cwts. in the weight W. 

Akt. 70. 

Ex. 1. 

Construct the rectangle A H, having H = 5, and 
OA = 4; take AD = i of 5 = 2^; join DO, and draw 
D C parallel to A O ; take D C = 2 units, from any conve- 
nient scale, and complete the parallelogram D C Q F ; then 
D Q = 2*35 units, which is the number of cwts. pressure on 
the pin O, and DF= 1*25 units, which is the number of 
cwts. prtosure on A. 

Ex. 2. 

Here D C is taken 160 units, and so on as in the last 
case. 

To determine whether a pillar will stand or fall when acted 

upon by a given pressure. 

Art. 71. 

Ex.2. 

Weight piUar = 20 x 2 x 1 x 120 = 4800. 
Having constructed the rectangle, representing the section 
of the pillar, on as large a scale as convenient, from the 
same scale take RP= 1*5 units, and draw P AC, making 
the angle C P R = 30°. Considering the units on the scale 
to be thousands, take A B = 4*8, A C = '4, and complete the 
parallelogram A B D C. Join A D, and produce it until it 

E 
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intersects the base V produced. Now as this pfint falls 
without the base, that is, to the left of O, iSbe pillar will 
faU. 

Ek.4. 

In this case the angle C F B is taken 45% the other parts 
of the construction being the same as in Ex. 3., then the 
units in A C will be found to be about 303, which is the 
number of lbs. pressure in the thrust P. 

Pressure o/Boqfs, 

Abt. 73. 

Ex.2. 

Construct the isosceles triangle ACQ (seQ/ig. p. 112. of 
the text) having the base C Q = 32, and the angle, A C Q^ at 
the base equid to 45^ ; then the length of the rafter A G or 
A Q = 22-6 ; and the weight of 1 ft. of the roof = 22*6 x 2 X 
12 = 542 lbs. + ; hence W = ^ of 542 lbs. «= 271 lbs* From 
anj convenient scale take A = 271, and construct the 
parallelogram A e O n ; then Ae or A n, measured off ftom 
the same scale, will be found to contain about 192 units, 
which is the number of lbs. thrust upon the rafter. 

Abt. 74. 

Ex. 1. 

Take C a = 148 units ; draw aP perpendicular to C Q, 
and complete the parallelogram a ^ C P ; then C P = 256, 
which is the units of lbs. tension of the tie-beam. Again 
take C a = 192; and so on as in the preceding case ; then 
CP = 27l, which is the units of lbs. tension of the tie- 
beam. 

Art. 75. 
Ex.2. 
Proceeding in the same manner as in Ex. L Art. 79^ we 
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find the length of the rafter = 56*5 fL; the weight of each 
rafter 680 lbs. nearlj ; and the thrust upon the rafter = 
480 lbs. Now take C a = 480, C * = ^ of 680 = 340, and 
construct the parallelogram C ^ P^ a; then the units in 
C Pi = 760 nearly, which is the lbs. pressure of the roof, 
acting in the direction P^ C, and tending to overturn the 
side wall. 

Ex.3. 

In this case, the length of the rafter = 14*1 ft. ; the weight 
of each rafter =170 lbs. nearly; and the thrust upon the 
rafter =120 lbs. Constructing the parallelogram CtT^^a 
as before, we find, C P^ = 190 lbs. 

Ex.5. 

Weight of 1 ft. length of the wall = 1 x 1 X 15 x 120 = 
1800 lbs. EEaving constructed the figure as in Ex. 4., with 
this difference^ that AC (see^^. page 111. of the text) is 
taken 1800 in the place of 3600, we find that the resultant 
pressure A D cuts the base of the wall to the l^t of the 
edge O : in this case therefore the wall would fall. 



Presmre of Fluids on Embankments, 

Abt. 76. 

Ex.2. 

Area surface upon which the water presses =9x1 = 9 
sq. ft 

.% Pressure water = 9 x ^ of 9 x 62*5 = 2531 J lbs. 

Ex.4. 

Circumference of the barrel =3 x 3-1416 = 9-4248 ft. ; 
/. Surface of the staves = 9-4248 x 4 = 37-6992 sq. ft. 
/. Pressure water = 37*699 x^ of 4 x 62-5 = 4712 lbs. 
nearlj. 

x2 
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Abt- 77. 
Ex. 1. 
Distance centre of pressure frran the bottom =^ of 6 ft 

:2 ft. 

Ex.2. 

Distance centre of pressure from the bottom = | of 9 ft 
3 ft. 



AsT. 7& 

Ex.2. 

Surface upon which the water presses = 1 2 x 1 = 12 sq. ft. ; 

Pressure of the water =12 x^ of 12x62-5 = 4500 lbs.; 

Distance centre of pressure firom the bottmn, or O I ^ ^ of 
12 ft. = 4tt (See Jig. p. 1 1& of the text.) 

/. Moment of the pressure of the water = pressure water 
xOI = 4500x4= 18000. 

Weight of the embankment = 12 X 5 X i X 120 = 7200 lbs.; 

/• Moment of the wt. <^ the embankment = wt. x O V = 
7200 x| of 5 = 18000. 

Here we find that the moment of the pressure of the water 
is exactly the same as the moment of the weight of the em- 
bankment ; hence it will be just upon the point of over- 
turning. 

Ex. 6. 

Let the embankment, A C R H, be divided into two por- 
tions by the line H B drawn 
parallel to R C ; let Q^ be 
a vertical line passing 
through Q the centre of 
gravity of the triangular 
portion ABH, and Gg sl 
vertical line passing through 
G the centre of gravity of 

rectangular portion B C R H ; t^^e^ '?i^ Vkscv^ 
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Ay = |^of AB = |of6 = 4ft.; 

A^ = AC-5rC = AC-iBC=10-iof4=8ft.; 

Volume ABH = ^ AB xBH x 1 = 3 x 15 x 1 =45 c. ft. 

.-. Wt.ABH = 45x100 = 4500 lbs. 

Volume BHRC = BCxBHx 1=4x15x1=60 eft; 

.% Wt. B HRC = 60 X 100= 6000 lbs. 
Moment ABH = wt.xA5'= 4500 x 4 = 1 8000. 
Moment B HRC = wt. xAg = 6000 x 8 = 48000. 
.*• Moment of the whole embankment = 18000+48000 

= 66000. 
Pressure of the water on the embankment 

= 15 X 1 X ^ of 15 X 62-5 =7031-25 lbs. 
/. Moment of the pressure of the water 

= pressure x CP = 7031-25 x ^ of 15 = 35156-25. 
Here we find that the moment of the embankment is 
greater than that of the water, — hence the structure will 
stand. 

Ex. 9. 

Pressure of the water on each half of the gate 
= 4x 7 x^of 7x62-5 = 6125 lbs. 
Taking the figure described in Ex. 8., p. 119. of the text, 
we have, 

DP = ^of7ft.=^ft.; 

DB or AC = J of (CD-AB) = ^of (7-4) = ^ft. ; 

/. BP = DP-DB = ^-f = f ft. 

.-. AP = AB-BP = 4-| = 3ift. 

Now we have on the principle of the lever. 

Pressure on B x B A = pressure on P x PA, 
/. Pressure on B x 4 = 6125 x 3^ ; 

Pressure on B = ^ — 5 == 4349 lbs. 

4 



B 8 
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Abt. 79. 

Ex. 2. {Fig. p. 1 16. of the text) 

Vol ame of the embankment = 2x1x12 = 24 eft.; 
/. Wt „ „ =24x130 = 3120 lbs. 

Moment of embankment = wt. x OV = 3120 x ^ of 2 

= 3120. 
Moment of the thrust on the stay = thrust x OT 

= thrust X 2'4, 
Pressure of the water = 12xl xj of 12x62-5 

= 4500 lbs.; 
•% Moment of the pressure of the water 

= wt.xDP = 4500xiof 12 = 18000. 
Henoe we have by the equality of moments. 
Thrust X 2-4 +3120= 18000, 



• • 



^ ^ 18000-3120 ^„^,, 

Thrust = s-j =6200 lbs. 

2*4 



Ex.3. 

To find the perpendicular, OT, on the stay, we have given 
the length of the stay S Y= 10 ft., and the distance, OSy of 
its foot from the edge of the embankment = 8 ft. ; hence 

0Y=VSY»-.0S2= a/102-82 = 6 ft. 
Area triangle SOT = |SOxOY=iof 8x6 = 24; 
but we have also^ 

AreatriangleSOY = iSYxOT = 5xOT; 

.% 5xOT=24, 

A OT = ^ = 4-8ft. 
o 

The remaining portion of the data of the question being 
the same as in Ex. 1., we have 

Thrust X 4-8 + 1755 = 18000, 
.% Thrust =3384 lbs. 
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To determine the form of maximum^ or equable^ strength of 

an embankment, 

Abt. 80. 

Ex.2. 

Let X = the base QU, then 

Wt. QUHV = arxlx2xl00 = 200ar; 

Moment QUH V =« 200ar x | = 100«a. 

Pressure water on HU = 2 x 1 x ^ of 2 x 62-5 = 125 lbs. ; 
Moment of the pressure of the water on HU 

=wt.xiHU=xl25xiof2=^. 

o 

But as QUHY is upon the point of being overturned on 
the edge Q by the pressure of the water, we have by the 
equality of moments^ 

inn s 250 
100a:* ss-g-, 

= /y/^== v^^8333 = -912 ft. nearly. 






Let ^ = F D ; then we have 

DQ = DV-QV = 6-2 = 4ft. 
WtFDQ = FDxlxDQxlOO 

=y x 1 x4 X 100= 400y ; 
A Moment FDQ = wt.xiFD = 400yxiy 

= 200y8. 

Wt.DNHV = QUxlxNHxlOO 

= -912 x 6 X 100 = 547-2 lbs. 
/. Moment DNHV = wt. x {FD-f 1 DN) 

= 547-2 x{y-|-i of -912} 
= 547-2y+547-2x-456. 
,*• Moment of the whole embankment = moment FDQ 
-f moment DNH V = 20()y«+547-2y +547-2 x -456. 

B 4 
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Pressure water onHN = 6xlx^of6x 62*5 

= 1125 lbs.; 
/. Moment water in overturning HNF V = pressure x J HN 

=:1125x^of 6 = 2250. 

/. 200^2 -h 547-2y + 547-2 x -456 = 2250. 
Solving this quadratic equation we find ^ = 2*088, and 
FN = 2-088 + -912 = 3 ft. 



Revetment Walls. 

Abt. 8L 

Ex.2. 

Wt. of the equivalent fluid = 100 x -1716= 17-16 lbs. 
/, Pressure of the earth upon 1 foot length of wall 

= 40 X 1 X ^ X 17-16 = 13728. 

Moment of the pressure of the earth in overturning the 
wall = pressure x ^ height = 13728 x J of 40 = 183040. 
Wt. of the wall = 40x8x 1 x 120 = 38400 lbs. ; 
/. Moment of the wt. of the wall = wt. x ^ thickness 

= 38400 xi of 8 =153600. 

Here the moment of the pressure of the earth is greater 
than that of the wall ; hence the wall would falL 

Ex. 7. 

(1.) To find the moment of the wall. 

Weight of the wall = 24 x 1 x 6 X 130 = 18720. 
Moment of the wall = wt. x ^ of thickness 

= 1 8720 x^ of 6 = 56160. 
(2.) To find the moment of the sloping earth. 
Wt. of a c. ft. of the equivalent fluid, with respect to the 
sloping earth = 120 x ^ = 60 lbs. ; 

Pressure of this earth =5x1 xf x 60= 750 lbs. 
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Moment of this pressure = pressure x ^ of height 

= 750 x^ of 5 = 1250. 
.*. Sum of the' moments sustaining the wall = moment 
wall -h moment sloping earth = 56160+ 1250 = 57410. 
(3.) To find the moment of the level earth. 
Wt. of a c. ft. of the equivalent fluid = 120 x -1716 ; 
Pressure of the earth = 24 x 1 x ^ of 24 x 120 x -1716 

= 5930-496 lbs. 
Moment of the earth = pressure x ^ height 

. = 5930-496 X i of 24 = 47443*968. 
As this moment is less than the sum of the moments sus- 
taining the wall, we conclude that the structure will stand. 

Ex.8. 

Let X = the thickness of the wall in feet ; then, as in 
Ex. 6., we have 

Moment sloping earth = 1250, 

and Moment level earth = 92664. 

Wt.wall = 30xlxa?xl30 = 3900a?; 

X 






Moment wall = 3900aj x ^ = 1950a;2. 

At 



Now when the wall is upon the point of being overturned, 
the sum of the moments of the wall and the sloping earth is 
equal to the moment of the level earth ; 

.-. 1950a?H 1250 = 92664, 



.-. a?=/y/ 



92664-- 1250 
1950 



= a/46-8 = 6-8 -f feet, 
which is the thickness required. 

Ex.9. 

Let X = the height of the sloping earth in feet ; then, as 
in Ex. 6., we have 

Moment of the wall = 70200, 
and Moment of the level 6arth-^ 92664. 

E 5 
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X 

Fresstire of the sloping earth = a;x 1x^x60 =30«2; 
•*• Moment of this earth = pressure x ^ height 

= 30a:«x|=10«3. 
«5 

Now, we have 
Moment wall + moment sloping earth = moment level earth, 

.•. 702(X>-f 10«8 = 92664, 

/. ;c3 = ?^ = 2246-4, 
A a?=^2246^ = 13ft.-»- 



Floating Bodies, — Specific Gravity, 
Art. 82. 

Ex.2. 

Here we have for the interior dimension of the barge, 

Length = 10ft.— 2x3 in. = 10ft. -6 in. =9^ ft., 

Breadth = 5ft. — 2x3in. =4ift., 

Depth =4ft.— 3in. =4ft.— Jft. = 3ift., 

Content exterior solid =10x5x4 = 200 c. ft. 

„ interior „ =9^x4^x31 

19x9x15 ,^^.o, ft 
==-75 — s — I— = 160*31 c. ft. 
2x2x4 

/. Timber in the barge = 200- 160*31 = 39-69 c. ft. 
.*. Wt. of timber in the barge = no. c. ft. x wt. each c. ft 

= 39-69 X 50 = 1984-5 lbs. 
Wt. of the displaced water = 10 x 5 x depth x 62-5 

= 3125 X depth. 
But since the weight of the displaced fluid is equal to the 
whole weight of the floating body, we have 

3125 X depth = 1984*5 -f 4 x 2240 ; 
, ^, 1984-54-4x2240 « - -^ 
... depth = 3-J25 = ^'^^^ 
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Ex. 3. 

Let X = the load in tons ; then we have by the final equa- 
tion in Ex. 1., observing that the depth is 4 ft, and the load 
is to be found, 

3125 X 4 = 1353 -ha? x 2240, 
. ^ 3125x4-1353 



• • 



= 4*9 tons. 



2240 

Ex. 4. 

In this case, we have, putting x = the load in tons, 
Wt. displaced water = 10 x 5 x 3 x 62-5 = 9375 lbs. ; 
Load in lbs. = xx 2240 ; 
And as in Ex. 1., 

Wt timber in the barge = 1353 lbs. 

A a? X 2240 4-1353 = 9375, 
93 75-13 53 
2240 



.% «= T^TTiTz — =3*58 tons. 



Ex. 5. 

Here the weight of the displaced water must be equal to 
the weight of the barge. 
Let X = the depth to which it sinks in feet ; then 

Wt displaced water = 10 x 5 x a? x 62*5 = 3125^^ ; 
but the weight of the barge is 1353 lbs., as in Ex. 1. ; 

/. 3125aj=: 1353, 

• 3125"" 

Ex. 7. 

Wt lost in water = 36—28 = 8 gr. 

But this is the weight of water equal in bulk to the bodj. 

/• No. times the body is heavier than water = — = 4^. 

Wt. c. ft water = 1000 oz. 
.% „ „ body =: 4^ times 1000 oz. ss 4500. 

E 6 
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la 



Here a cnbic foot of brickwork veiglts 2000oc. ; 
^. ^ 2x2240x16 ^._^. 

Ex. 11. 

Wt. water in ounces = 37o x 16= 6000 os. ; 
Wt. lcftafwater=1000aE.; 

^^^'^ = 1000 = ^^^ 



'UmUiMg angle €^ rtsisiamte, 
Akt. 83. 

Ex. 1. 

Here, the tangent of the angle = *7, therefor^ firam a table 
of tangents, we find the angle to be 35°. 

Ex.2. 

Haying constmcted the figure, as in Ex. 5^ Art. 68., 
measure off the angle which V O makes with the vertical ; 
this angle being less than 36^ shows that the ladder will 
not slip. 

Equilibnum of the lever^ and the urked and asie, taking the 
friction upon the axis into aee on nL 

Abt. 8fr. 

Ex.2. 

HereOI = sinOTIxOT 
= 8in 40*^x3 
= •64278x3 = 1-92834 
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PI = P 0-10 = 14 -1-92834 = 12-07166. 
QI= QO+IO = 12 + 1-92834 = 13-92834. 

Now by the equality of moments, 

PxPI = QxQI, 
.-. 1 X 12-07166 = Q X 13-92834, 



.-. Q = 



12-07166 
13-92834 



=-86+ lbs. 



85 



Ex. 3. 

OI = 8in35°xOT 

= -57357x2 = 1-147. 

PI =PO-IO= 15- 1147= 13-853. 

QI=QO+IO = 8+1-147 = 9147. 

.-. PxPI=QxQI, 

.-. 2 X 13-853 = Qx 9-147, 

^ 2x13-853 ^„ . 
.-. Q= 9.147 =31b8. + . 

Ex. 4. 
Let PQ represent the lever ; OT the radius of the axis ; 



.-"K 




PC and QC the directions of the pressures P and Q respec- 
tively; CT the resultant of these pressures cutting the axis 
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at T, and forming, with OT, the angle of friction OTC 
=35°. 

From a scale of equal parts take P0=14; 0Q=12; 
with the radios OT = 3, describe the circle representing the 
axis; draw [PC making the angle QPC = 30^ and QC 
making the angle PQC = SS"" ; join CO. 

Now upon CO as a chord we hare to describe a circle 
which shall contain the angle 0X0 = 35°, or the given angle 
of friction. Draw OB making the angle COB = 35°, the 
angle of friction; draw OD perpendicolar to OB; from C 
draw CD making the angle OCD eqnal to the angle COD ; 
then these two lines will intersect in a point D, which is the 
centre of the circle required. (See the Anther's Greometry 
and Mensoration, p. 55.y Art. 60i, Cor. 3.) 

With D as a centre and radius equal to DC or DO, de- 
scribe the circle KCOT intersecting the axis of the lever in 
the point T; join CT; then Z. OTC= ZCOB = 35°, the 
angle of friction ; and CT will be the direction of the result- 
ant of the two forces P and Q when the lever is in the state 
bordering on motion. 

To determine the pressure Q : from any convenient scale, 
take Cp = the units of pressure in P= 1 lb. ; and construct 
the parallelogram of pressures Cprq; then the units in C^ 
will give the units of lbs. pressure in the force Q^ that is in 
this case, Cg' = "77 lbs. nearly. 



Abt. 85, 

Ex. 2. {See Jig. p. 127. of the text) 

Here OI = sin 35° x 0T = -5735 x 1 
=•5735; 

PI = PO-OI=24--5735 = 23-4265; 
QI = QO-|-OI=3 + -5735 = 3-5735 ; 
P = 601bs.; W = 401bs.; and Q is required ; 
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.% PxPI = QxQI-fWxOI, 

•. 60 X 23-4265 = Q x 3-5735 + 40 x -5735, 

.-. Q= 386 lbs. 



To determine generally the force of Traction, 

ABt. ae. 

Ex. L 
Here the general formula is 

cos6+/sm6 

In this example W = 2 cwts., 6 = 35°, and/= -7 ; hence 
we have by sabstitntion 

'7x2 1-4 

cos 35° +-7 X sin 35^ '"•81915 +-7 x -57357 

= 1-14 cwts. 

Ex.2. 

In this case h = 40°, the other data remaining the same ; 
hence we have 

•7x2 

P = .^6 . >T — . ^^ = 1'19 cwts. 

cos 40° H- -7 X sm 40° 



To find the least Traction, 

Abt. 87. * 

Ex.2. 

Here we have the general formula, P == W sin a. Id this 
example W = 9 cwts., a = 36° 30', and P is required ; 
A P = 9xsin36°30' 

ss 9 X '59482 = 5-35428 cwts. 
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Grcneral Proposition. 

Art. 88. 

Ex.2. 

Wt. in lbs. = 1 X 2240 = 2240 lbs. 
Resistance of friction = -^ of 2240 lbs. 
Space moved over in ft. = J x5280 = 1320 ft. 

/. Work of friction = ^ x 2240 x 1320 = 246400. 
Work due to gravity = 2240 x 80 = 179200. 

.-. Total work = 246400+ 179200 = 425600. 

Ex. 3. 

In this case the work due to gravity must be subtracted 
from the work due to friction. 

/. Total work = 246400- 179200 = 67200. 



Equilibrium of the Arch, 
Art. 9L 

Ex.3. 

Here we have, as in Ex. 2., 
Wt. of the whole semi-arch = 5100 lbs. ; 
Dist. of its centre of gravity from the outer edge of the pier 

= 7-6-1 =6-6 ft.; 
for it will be observed that the thickness of the pier is 1 foot 
less than it is in the preceding case ; 

Wt. whole pier = 3 x 1 x 285 x 120 = 10260 lbs. ; 
Moment whole pier = 1 0260 x 1 ^ = 1 5390 ; 
Moment whole semi-arch = 5100 x 6*6 = 33660 ; 
Moment horizontal thrust = 1900 x 28-5 = 54150. 
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Now the sum of the two first moments is less than the 
moment of the thrust : hence it follows that the pier will fall. 

Ex.4. 
Let X = the thickness of the pier ; then 

Distance centre of gravity of the semi-arch from the inner 
edge of the pier = 7'6— 4 = 3*6 ft. ; 
/, Distance of the same from the outer edge = 3*6 -ha? ; 
Wt. whole pier = ar x 1 x 28-5 x 120 ; 

/. Moment whole pier = a? x 1 x 28*5 x 120 x ^ = 1710a?^. 

Wt. whole semi-arch = 5100 ; 

/. Moment whole semi-arch = 5100 x (3*6 -far). 

And, as in Ex. 2., 

Moment horizontal thrust = 1900 x 28*5. 

Now since the pier is upon the point of overturning, the 
sum of the moments of the pier and the semi- arch will he 
equal to the moment of horizontal thrust, 

.\ 1710a;2 -h5 100 X (3-6 + a?) =1900x28-5. 
Solving this quadratic equation, we find 

X = 3-3 ft., 
which is the thickness of the pier required. 

Ex.5. 

In order to determine the point of rupture with a sufficient 
degree of accuracy, the figure must be constructed on a scale 
of about four times the size of that of the accompanying 
drawing. 

On K as a centre, with the radius KH = 8, sweep the 
semi-arch HDN; mark ofi^ NP = *75, the height of the 
crown ; take PE = 9'5, and on E as a centre, with the ra- 
dius EP, sweep the line of the extrados PV Z. 
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STRENGTH OF MATERIALS. 
Art. 93. 

Ex.2. 

Area section = 3 x 3= 9 sq. in. 

By the table we find, 

The wt. supported by 1 sq. in. = 17207 lbs. ; 
.*. „ „ 9 sq. in. = 9 times 17207 lbs. 

= 154863 lbs. 

Ex. 4. 

Area section = ^ x ^=i sq. in. 
By the table, 

Wt. supported by 1 sq. in. = 25^ tons ; 
.•. „ „ I sq. in. = :J^ of 25^ tons 

= 6| tons. 

Ex. 5. 

25 
Area section rope = (1^)^ x -7854 = j^ x 7854. 

By the table, 

Wt. supported by 1 sq. in. = 6400 lbs. 

Off Off 

„ ^7 jg X •'7854 sq. in. = 6400 x ^ x -7854 

= 400 X 25 X -7854 
= 7854 lbs. 

Ex.7. 

Let X = the breadth in inches ; then 

Area section = 2ar sq. inches. 
By the table, 

Wt. supported by 1 sq. in. of teak = 15000 lbs. 
/• n V by 2x „ „ =z2xx 15000 lbs. ; 
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But the weight which is to be supported is 30 tons, or 
30 X 2240 lbs. ; 

/. 2a? X 15000 = 30 X 2240, 

_ 30x2240 _. 

''"2xl5000~^*'^^"'- 



Ex. 8. 

Let X = the diameter in inches ; then 

Area section = aj^ x "7854 sq. in. ; 
but from the table, 1 sq. in. of section will sustain 25^ tons ; 

/. Wt. supported in tons = x^ x '7854 x 25^ ; 
but, by the question, the weight supported is 50 tons ; 

/. a?2 X -7854 x 25^ = 50, 



••• ^ = /\/^ 



50 



7854 X 25^ 



= ^2*49 = 1*58 inches nearly. 



Ex.9. 

No. lbs. supported by the rope = diam.^ x '7854 x 6400. 

But, by the question, the rope has to support 3 tons, or 
8 X 2240 lbs. ; 

/. diam. 2 x -7854 x 6400 = 8 x 2240, 
,. „ 8x2240 2-8 ^ __ 

••• ^^' =-785476400 = ^7854 = ^-^^^' 



/. diam. = a/3-565 = 1*88 inches. 

Ex. 11. 

No. sq. in. of section = (i)^ x -7854 = ^ x -7854 ; 

Wt. supported by the rope = no. sq. in. of section x 6400 lbs. ; 
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9 
/. Wt si^)ported by the rope = jg x -7854 x 6400 lbs. 

= 9 X -7854 X 400 = 2827*44 lbs. ; 
Wt 1 foot of rope 1 sq. in. of section = -578 lbs. ; 
Wt. of the whole rope = no. inches of section x *678 x no. 

feet length = ^ x -7854 x -578 x 200 x 6 lbs. 

= 306-4+ lbs. 

/. Wt. coals = wt. supported by the rope— wt. of the rope 
itself = 2827-4-306-4 = 2521 lbs. 

Ex. 12. 

Let X = the length of the rope in feet ; then 

Wt. 1 foot length of rope = no. inches of section x *578 

= ^x -7854 X -578; 

9 
/. Wt of the whole rope = t^ x '7854 x -578 x x. 

Wt. suspended by the rope in lbs. = 1^ x 2240 

= 2800. 

But by the last example the rope is capable of supporting 
2827-4 lbs., 

^ X •7854X -578 xar-f 2800=2827*4; 



• • 



16 



_ (2827-4--2800)xl6 
•*• *"■ 9 X -7854 X -578 

^^•^ = 107-4 ft. 



4085 



Ex. 13. 

For the sake of simplicity, let us suppose that the rod is 

1 inch in the section ; then we have 

1 "7*700 

Wt. 1 foot length of the rod = y;|j of 7700 oz. = /; lbs. 
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Now the rod is capable of supporting 25^ tons, or 

25 J X 2240 lbs. ; 

T .1. J . r ^ wt. to break it 
.-. Length rod u. feet =:j^^-y^^-^jj^^ 

= 25^x2240*^^ 

26i X 2240 X 144 X 16 ,^^. 
= 77001 = "<W1- 



Ultimate Transverse Strength of Beams. 

Abt. 100. 

Ex.2. 

Here the tabular number S is 12156 ; then by Rule 1., we 
liave 

^ 12156 X 3 x92 QA1QQ1U 

^= — B — TTi =3418*8 lbs. 

6x144 

Ex.3. 

Here the tabular number S is 9836; then by Rule 1., we 

have 

_ 9336x2x62 „^^,, 

Ex. 6. 

Here the tabular number S is 10386 ; therefore by Rule 3., 
we have 

Ex.7. 

Here the tabular number S is 10032, therefore hj 'Rale 3., 

we have 

». _ 4xl0032x6xl2« _ 

^ 6x18x12 -^^^^ "^ 
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Ex. a 

Let 2r = the depth of the beam in inches; theOy as in 
example 5.f we have 

^= 6x18x12 OJ^^^'^^) 

_ 10386x« 
" 18x3 • 
But, by the qaestfon, the breaking weight of the beam is 
to be 30000 lbs.; 

10386ar» 



18x3 



= 30000; 



, 30000x18x3 ,^^_ 
•••^= 10386 =^g^'^- 



/. ar= 'v/l55-97= 12-49 inches. 

Ex. 10. 

Here S = 10386 ; therefore, by Rule 2., we have 

^ 2x10386x3x6*^ „. . 

^= 6x10x12 (^y canceUing) 

10386 X 3 



10 



= 3M5-81bs. 



Ex. 11. 



Here S = 10032 ; therefore, by Rule 2., we have 

_ 2x10032x4x9* ., „. . 

^= 6x12x12 (^y ««^ceUi°g) 

10032 X 3 ^-^ . ,, 
= z = 7524 lbs. 
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Ex. 13. 

Here 8 = 9336, the breadth = 6 in., the depth = 12 in., 
id the length = 18 x 12 in. ; therefore, by Rule 4., we have 

^ 8x9336 >(6xl2« ,, ... . 

^ = — 6 X 18^12- (^y cancelling) 

^8_x9336x2^^^^^21bs. 



Ex. 14. 

Let X = the depth in inches ; then, hj Rule 4., we have 

8xl2156x4xa;» 
^~ 6x20x12 ' 

Wt. on each foot of the beam = 1000 lbs., 

.•, Wt. on the whole beam = 1000 x 20 = 20000 lbs. 

But as the beam has just to sustain this weight, we have, 
r equality, 

8xl2156><4x^_^^^ 
6x20x12 -20000; 

^ 20000x6x20x12 
'*•* - 8x12156x4 '"'^' 

/, X = '/Ti = 8*6 inches. 

Ex. 15. 
Let X = the distance in feet ; now, as in Ex. 9., we have 

^= ^6xa?xl2^ (^^ canceUing) 
6612x3 

ss . 

X 

Wt. on each foot of the beam = 400 lbs., 
Wt. on the whole beam = 400 x x lbs. 

V 
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Bot when the beim is i^on the point of bred 
this loady we hare 

6612x3 ^^ 

X 

.\ 400x>=r6612x3; 
198S6 



Ex. la 

Let x = the breadth of the beim in inches; tl 
Ex. 12., we hjiTe 

8xl2156x£x^ 
^ - 6x20x12 -««0^>^' 

Wt on etch foot of the bemm = 500 lbs., 

/• Wt. on the whole beun = 500x20 =:1000( 

Bat when the beam is upon the point of breaking 
load, we have 

5470^ x«= 10000; 

10000 
/. x = g5Y0^=^'^^"*^^ 
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lAILWAY CUTTINGS AND EMBANKMENT& 

Art. 102. 

Ex. 2. 

lere, by the general fbnnula, ^ :^ 32, ^ = 66 / 2, /> = 3, 
:4, b = 5f c=7, d=Zy e = 6, and v, or the last perpen- 
ilar height, = ; hence we have 

The content of the central part 

= ^^^^^^ {4-hO-h2(5+7-h3-h6)} =32x66x46 

= 97152. 

Content of the two slopes 

^i^ii?{(4+5)H(5+7)H(7+3)H(3 + 6)»-h(6+0)> 

—(4x5 + 5x7+7x3+3x6+6x0)} 
6x2(81 + 144 + 100+81 +36-(20+35 + 21 + 18)} 
6 X 2 X 348 = 45936 

/. Content of whole cutting = 97152 + 45936 

= 143088 cubic feet. 

Ex.3. 

lore ^ = 30, q^66, /> = 2, a = 0, * = 3, c = 9, rf = 2, 
1, and V = ; hence we have 

The content of the central part 
^J^{0+0+2(3+9+2 + l)} = 30x33x30 
9700 cubic feet. 

Content of the two slopes 

^{(0 + 3)2+ (3 + 9)H(9 + 2)>+ (2 + 1)H (1 + 0)2 

-(0x3+3x9 + 9x2+2x14-1x0)} 
1x22 {9 + 144 + 121 +9+ 1-(27 + 18+2)} 
0428 

r 2 
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/. Content of the whole cutting = 29700 -f 10428 

= 40128 c. ft. 

Ex.4. 

Here the two extreme ordinates are 9 and 6, and the 
intermediate ones are 11, 12, 8, and 22; the width df the 
rail or ^ = 30 ft, y = 66 x 2, and /? = 1^ ; hence we have 

The content of the central part 

= ^^^^^^ (9 + 6+2(11 + 12+8+22)} 

=30 X 66 X 121 = 239580 cubic feet. 

Content of the two slopes 

= ^ 3 {(9 + ll)a+(ll + 12)H(12 + 8)^ + (8 + 22y 

+ (22 + 6)2-(9xll + llx 12 + 12x8+8x22 + 22x6)} 
=55(400+529+400+900+784-635} 
= 1 30790 

.-. Content of the whole cutting = 130790 + 239580 

= 370370 c ft. 

Ex. 5. 

Here the extreme ordinates are 5 and 4, and the inter- 
mediate ordinate is 6 ; the width of rail or <7 = 30, ^ = 66 
X 2, and p = 2 ; hence we have 

The content of the central part 

^30x66x2^^^^^2x6}= 30x66x21 

= 41580 cubic feet. 

Content of the two slopes 

=?-^^^^((5+6)2+(6+4)2-(5x6+6x4)} 

= 88 (121 + 100 - (30+24)} = 14696 cubic feet. 

.-, Content of the whole cutting = 14696 + 41580 

= 56276 cubic feet 



EXERCISES ON MECHANICS. 101 

Ex.6. 

In this case, the extreme ordinates are and 0, and the 
intermediate ordinates are 10, 30, and 40; the width of the 
rail or ^ = 30, 5' = 66 X 2, and /? = 4 ; hence we have 

The content of the central part 
=?5^ip^ {0+0+2(10 + 30+40)} 

= 30 X 66 X 160 = 316800 cubic feet. 

Content of the two slopes 
^ 4x66x2 ^^Q ^ j^^j_^ ^^^ ^ g^^2^ ^^^ ^ ^^3^ ^^ ^ ^^2 

-(0x10+10x30+30x40+40x0)} 
= 176(100+1600+4900+ 1600-(0 + 300+ 1200+0)} 
= 6700 X 176 = 1 179200 c. ft. 

.'. Content of the whole cutting = 1 1 79200 + 316800 

= 1496000 cubic feet. 

Ex.7. 
Time with each full load = -^ = -J^ hours. 
Time in returning with empty waggons = ^ = ^ hours. 

.% Time each journey = ^ + J^ = J hours. 
No. journeys per day=10-*-f = ^. 
No. c. ft. conveyed each journey = 400, 



• • w » 



„ perday = 400x-5- = 



40 16000 



3 3 



Now a shoveller lifts 500 c. ft. per day ; 

. T^ , ,, 16000 -^ 16000 

/. No. shovellers = — „ — j- 500 = 



3 • 3x500 



=1=10*. 

F 3 
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Now as the material requires 2 pickmen to 3 shovellers, 

we have 

32 
No. pickmen = J of 10| = J of -^ 

«> 



64 
9 



— -ST— Z^. 



Total no. days* work of shovellers «= — =^r^r — 

=r2992. 
/. Total no. days* work of pickmen = f of 2992 

= 1994f . 
/. Total no. days* work = 2992 +1994^ 

= 4986f 
/. Cost = 4986f X 3*. = 14960*. 
= £748. 

Ex. 8. 

Here the extreme ordinates are and 0, and the inter- 
mediate ones are 20, 30, 60, and 40 ; the width of the rail 
or ^ = 30, the distance between each perpendicular, or q ^^ 
and the ratio of the slope, or ji = 1 ; hence we have, by the 
formulae^ 

The content of the central part 
=?5^ {0 + H- 2(20 -f 30 + 60 + 40)} 

= 30 X 66 X 150 = 297000 c. ft. 

Content of the two slopes 

=L^{(0 + 20)2 ^ (20 + 30)2 + (30 + 60)« + (60 + 40)^ 

f(40+0)*-(0x 20+20x30+30x60+60x40+40x0)} 
= 22 {400 + 2500 + 8100 + 10000 + 1600 - (600 + 1800 

+ 2400)} 
= 391600. 
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/• Content of the whole catting = 391600 + 297000 

= 688600 cubic feet 

Total no. days' work of shovellers = -^^ 

ooo 

= 1377i. 

Total no. days' work of pickmen = |^ of 1377^ 

=918^. 

/. Total no. days' work =1877^^+918^ 

= 2295^ 

/. Cost =2295^x3*. =68865. 
= £344 Si. Od. 



F 4 
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EXAMPLES FOR PUPIL& 



The number prefixed to each set of examples refers to the 
article in the text where the principle involved in the 
questions is explained. 

Abt. 2. 

Ex. 1. 

Work in raising 1 lb. to the height of 15 ft. = 15 ; 

„ 71b. „ „ of 15 ft. = 15x7= 105. 



•-• w 



Ex.2. 
Wt. in lbs. = 3 X 1 1 2 = 336 lbs. 
Work in raising 1 lb. to the height of 5 ft. = 5 ; 
/. „ „ 3361b. „ „ of 5 ft. = 336x5 

= 1680. 

> IiiX. 3. 

Weight of a c ft. of water = 62*5 lbs. ; 
Work in raising 1 c. ft. of water to the height of 36 feet 

= 36 X 62-5 = 2250. 

Ex.4. 
Weight of a c ft of water = 62*5 lbs. ; 
.*• Work in raising this water to the height of 24 feet 

= 62-5x24=1500. 
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Ex. 5. 

I 

Here the units of work to be performed are 35 ; 
/• Height to which 1 lb. is raised = 35 ft. 

35 

7 



99 » • Ihs. „ — - -J— ^ 5 ft. 



Or thus. 
Let x= the height in feet ; then 
the works 7x0*. 
But this work is equal to 35 units ; 

/. 7xa: = 35, 
35 



• • 



X 



= -=r=5feet 



Ex.6. 
Weight of a c. ft. of water = 62-5 lbs. 
•. „ 6 c. ft „ = 62-5 X 6 = 375 lbs. 

/• Work in raising 375 lbs. to the height of 8 feet 

= 375x8 = 3000. 

Abt. 3. 
Ex. 1. 

Weight of water in lbs. = 87 x 62-5 = 5437*5 lbs. 

Depth of the pit in ft = 60 x 6 = 360 ft 

/, Work done per min. = 360 x 5437-5 = 1957500 

•• ^•^•"" 33000 -^y^- 

Ex.2. 

Weight of water in lbs. = 87 x 62-5 = 5437'5. 
Depth of pit in ft. = 25 X 6 = 150; 

F 5 
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.\ Work done per min. = 5437*5 x 150 = 815625 

. H^p ^ 815625 , 
•• ^■^•33000"" 



Ex.3. 

Work engine per min. = 50 x 33000 = 1650000, 
Depth in ft. = 90x6; 
.•. Work in raising 1 c ft. water = 62-5 x 90 x 6 = 33750 ; 

.*, No. ft. raised per min. = — „vi^ -^- = 48*8. 

Or thus. 

Let X = no. c. ft. water raised per min., 

Wt. water = 62*5 x x ; 

.*. Work in raising water per min. = 62*5 x a? x 90 X 6 

= a:x 33750; 

but the work of the engine per min. is 1650000 ; 

.'. a? X 33750 --. 1650000 ; 

1650000 .^« ^ 
•• ^ = -33750-"'^^'^^^- 

Ex. 4. 
Work engine per min. = 10 x 33000 = 330000 ; 
Work in raising 1 c ft. water = 62*5 x 90 x 6 = 33750 ; 

/. No. ft. raised per min. =-oo-.^^7r = 9*7. 

oo7oU 

Ex.5. 

Work engine per hour = 3 x 33000 x 60. 

Depth of the pit in feet = 120 x 6. 

Work in raising 1 ton of coals =: 2240 x 120 x 6 ; 
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T^T ^, 3x83000x60 

-^^'^^^^'^= 2240x120x6 

_ 33000x10 _ 830000 _ 
■" 2240 X 40 "^ "89600" "" * 

Or thus. 

Leta:ano. tons of coals raised per hour; 
Wt coals in lbs. = :p x 2240 ; 

.\ Work in raising coals = a; X 2240x120x6; 

but the work of the engine per hour = 3 x 33000 x 60 ; 

/. a?x2240x 120x6 = 3x33000x60, 

3x33000x60 «^^ 

-^ = 2240x120x6 = ^'^^°^ 

Ex.6. 

Work engine per hour = 3 x33000x60. 
Depth of the pit in feet = 180 x 6 ; 
.\ Workinraising 1 ton of coals 3=2240x180 x 6; 
. XT r^ 3x33000x60,, „. v 

33000 33000 ^ . 



• • 



2240x6 13440 

Ex.7. 

Weight of coals in lbs. = 14 x 2240. 

Depth of mine in feet = 80x6; 

^ , . 14x2240x80x6 
•*. Work per mm. = gg 5 

A ^TT-P 1^ X 2240 X 80 x6 _ 14x 2240x8 
AndH. F.- 60x33000 "" 33000 "^'^^ 

Ex.8. 

Weight of coals in lbs. = 14 x 2240. 
Depth ofmine in ft = 60x6; 

V 6 
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^ 1 . 14x2240x60x6 ,, ^^,^ ^ 
.\ Work per mm, = ^ =? 14x2240x6; 

14x2240x6 
•*• H. P.— 33000 — ". 

Ex.9. 

Work engine per min. = 20 x 33000 = 660000 ; 

Wt- water in lbs. = 40 x 62-5 = 2500 lbs. ; 

Work in raising 40 c ft. of water 1 ft. = 2500 x 1 =2500; 

660000 
/. No. ft. in depth = ngQQ = 264 feet, or 44 fathoms. 

Ex. 10. 

Work engine per min. = 15 x 33000 = 495000 ; 

Wt. water in lbs. = 40 x 62-5 = 2500 lbs. ; 

* 

Work in raising 40 c. ft. of water 1 ft;. = 2500 x 1 ; 

495000 
/. No. ft. in depth = ogQOxl ~ ^^^ ^ ^' ^^ fathoms. 

Ex. 11. 

Work of engine per min. = 40 x 33000 ; 
Wt- water in lbs. = 4000 x 62-5 ; 
Mean height in f t. = 60 x 6 ; 

/. Work in raising water = 4000x62-5 x60x6 ; 

.-. No. of min. to raise the water = ^"^ ^f 1^^ ^ ^ 

40x33000 

_62'5 X 6 X 2 ^ gg j^^ or 1 h. 8 min. 

Or thus. 

Let X = no. minutes ; 
Work engine in x min. = 40 x 33000 x x ; 
Work in raising water = 4000 X 62-5 X 60 X 6 ; 
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.*. 40x33000xa? = 4000x62-5x60x6; 

4000x62-5x60x6 ^^ . . 
•• '' = 40x33000 = 68min. + . 



Ex. 12. 

Work of engine per min. = 40 x 33000 ; 
Work in raising water = 4000 x 62*5 x 15 x 6 ; 

4000x62-5x15x6 



•*• No. of men to raise the water =: 



40 X 33000 
62-5x15x2 



110 



= 17min.-|-. 



Ex. 13. 

Wt. coals in lbs. :» 4 x 112 = 448 lbs.; 
Depth pit in ft. = 80x6 = 480ft. ; 

/• Work in raising coals == 448 x 480 ; 

but this work is done in 4 minutes, 

. ^ , . 448x480 
.•. Work per mm. = j- — 

= 448x120 = 53760. 
. HP-??^-l-6-h 



Work done per min. = 



Ex. 14. 
4x112x100x6 



/. H. P. = 



4 

4x112x100x6 
4x33000 

112x2 _224_Q 
110 ""110"" 
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AbT. 6. 

Ex. 1. 

By the table, p. 9. of the text, the work of a man per 
minute is 1126; 

.*. Work per day= 1126x60x6. 
Work in raising 1 sack = 2^ x 1 12 x 30 ; 

1126x60x6 



•*• No. of sacks = 



2^x112x30 
1126x2x3 6756 



~ 2^x56 ""140 •"^^*^"♦■• 

Or thus. 
Let a;=the no. sacks per day. 

Work in raising 1 sack = 2^ X 112 x 30 ; 

.*, Work in raising X sacks = 2^x1 12 X 30 X IT. 

But this must be equal to the work of the man per day j 

/. 2ixll2x30x«5=1126x60x6; 

. _ 1126x60x6 _^^ . 
••*"'2ixll2x30-"*^"^- 

Ex.2. 

Work per day = 1126x60 x 6. 

Work in raising 1 sack = 2^x112x25; 

.-. No. of sacks = 21x112x25 ^ ^^ nearly. 

Ex. 3. 

By the table, p. 10. of the text, the work of the man per 
minute is 470 ; 

/. Work per day = 470 x 60 x 10. 

Wt. earth = 1 692 x 1 00 ; 

/• Work in raising earth = 1692 x 100 x 5 ; 
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1692x100x6 
/. IHcdays- 470x60x10 

846000 • , 
=282000 = ^^y'- 

Ex.4. 

Work per day = 470x60 x 10; 

Work in raising earth = 5076 x 100 x 5 ; 

..T ^, 5076x100x6 ^ 

/. No.ofday8= 4753^g53^y^=9. 

Or thus. 

Let X = the no. days. 

Work per day = 470 x60 x 10 ; 

/. Work in x day8= 470 x60 x 10 xar. 
But this is equal to the work requisite to raise the earth ; 

.\ 470x60xlOxa: = 5076x 100x5; 

5076x100x5 
*"" 470x60x10-^- 



• • 



Ex. 5. 

Here, by the table, p. 9. of the text, the work of a man 
per min.^ working for 8 hours per day, is 2560 ; 
/. Work per day = 2560 X 60 X 8. 
Depth pit in ft. = 20 x6; 

.*. Work in raising 1 ton = 2240 x 20 x 6 ; 

„ ^^ 2560x60x8 

••• ^^'^^ = 2240x20x6 



2560x10 ^^ , 
:^g^3^ = 4-6 nearly. 



Ex.6. 

Work per day = 2560x60x8; 
Depth pit in fl;. = 28 X 6 ; 
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.*. Work in raising 1 ton = 2240 x 28 x 6 ; 

2560x60x8 



•*• No. of tons = 



2240x28x6 



640 X 10 
(by cancelling) = ggQ^y = 3*3 nearly. 

Or thus. 

Let X = the no. of tons raised. 

Work in raising 1 ton = 2240x28x6; 

.'. Work in raisings; tons =1 2240x28x6x0:. 
But this is equal to the work which the man performs 
per day; 

.-. 2240x28x6xar = 2560x60x8; 

2560x60x8 ^^ 
225^^^2g^ = 3-3 nearly. 



a: = 



Ex.7. 

The work done by a man per min. in this case is 1560 ; 

.-. Work per day = 1560x60x6. 
Work in raising 1 ton = 2240x20x6; 

^^ ^ 1560x60x6 

/. No.oftons = 2240x20x6 

_ 1560x3xl _4680 

"" 2240 X 1 X 1 ■" 2240 " ^'^• 

Ex.8. 

Wt water in lbs. = 62-5 x 400 = 25000 lbs. ; 
Mean height to which the water is raised = 30 ft. ; 

/. Work in pumping water = 25000 x 30 = 750000. 
But in this case a man performs 2600 units of work in a 
minute ; 

__ . . . . , work in raising water 

.% No. mm. m raismg the water = ^ork of man per min. 

750000 „^^ . ,^ ,« . 

= oQQQ = 288 min., or 4 h, 48 mm. 
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Ex.9. 



Here work in pumping water = 25000 x 10 = 250000 ; 

?500a 
2600 



. . . . t- 250000 ^^ 

/, No. mm. m raismg the water = -o^7wr-= 96-1- mm. 



= 1 h. 36 min. 

Ex. 10. 
Work man per day = 2600 x 60 x 8 ; 
Depth in ft. = 20x6; ' 
/. Work in raising 1 c. ft. of water = 62-5 x 20 x 6 ; 

2600x60x8 



/. No. c. ft. water i= 

= 166'4. 



62-5 X 20 X 6 
2600x10x8 208000 



62-5 X 20 1250 

Or thus. 

Let X = no. c. ft. of water pumped. 

Wt. water = 62*5 X a; ; 

Work in pumping water = 62*5 x a; x 20 x 6. 

But this is equal to the work which the man performs in 
a day ; 

/. 62'5x«x20x6 = 2600x60x8; 
2600x60x8 
^ -" 62-5 X 20 X 6 " ^^^*^- 



• • 



Ex. 11. 

Work of 2 men per day = 2600x2x60x8 ; 

Wt. ram in lbs. = 5 x 1 12 = 560 lbs. ; 

.% Work in each lift of the ram = 560 x 12 ; 

2600x2x60x8 ^^, ^ 
.'. No. strokes = 560x12 = 37 1*4. 

Ex. 12. 

Work of 2 men per day = 2600x2x60x8 ; 
Work in each lift of the ram = 5 x 1 12 x 16 ; 
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2600x2x60x8 



/• No. of strokes = 



5x112x16 

2600 X 60 156000 
5x112 - 560 -278-5+. 



Or thus* 

Let X = the no. of strokes. 

Work in each Uft of the ram = 5 x 112 x 16 ; 

V. Work in x lifts ctf the ram=:5 x 112 x 16 x ar. 

But this is equal to the work performed by the two men 
per day ; 

/. 5xll2xl6xa? = 2600x2x60x8; 

2600x2x60x8 _ 
•"•*- 5x112x16 -278-5. 

Abt. 7. 

Ex. 1. 

Pressure to move 1 ton == 6 lbs. ; 

/• Pressure to move 45 tons = 45 times 6 lbs. 

= 270 lbs. 

Ex. 2. 

Here the resistance is 270 lbs., and the space over which 
it is moved is 9 feet ; 

/. Work due to friction = 270 x 9 = 2480 

Ex.3. 
Resistance of friction = 80 x 6 = 480 lbs. ; 

20x5280 ,^ ^ 
Distance moved in ft. per mm. = — gg — = 1760 ft. ; 

/. Work due to friction = 480 x 1760 ; 
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480x1760 



AndH.P.=: 

= 25-6. 



33000 
160 X 1760 



11000 

Ex. 4. 

Resistance of friction =z 60 x 6 = 360 lbs. ; 

j^ . A ' A • 20x5280 ,^^^-, 
Distance moved m ft. per mm, = ^^r — = 1760 ft.; 

.•. Work due to friction = 360 x 1760 ; 

60x1760 



And RP. 

19ft vi7fin 

= 19-2. 



11000 

Ex. 5. 
Resistance of friction = 7 x 100 = 700 lbs. ; 

Speed per min. = ^^ ^^^^ = 15 x 88 = 1320 ft. ; 

/. Work due to friction = 700 x 1320 ; 
700x1320 



AndBLP.= 



33000 

700 X 440 _ 308 __ 
11000 - 11 ""'^^' 



Ex. 6. 

Resistance of friction =: 100 x 5^ = 550 lbs. ; 

^ ^ . 15x5280 ,^^^^ 
Speed per mm. = — g^ = 1320 ft. ; 

/. Work due to friction = 1320 x 550 ; 
1320x550 



AndH.P.= 

440 y .'ii.^O 440 V fifi 



33000 
440x550 _ 440x5 
11000 "" 1000 
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Ex.7. 

Work of engine per hour = 30 x 33000 x GO ; 
Space moved over in feet per hour ^40 x 5280; 
/. Work consumed per hour in moving 1 ton = 7 x 40 x 5280; 

30x33000x60 



.\ No. of tons = 



7x40x5280 

30 X 33000 _ 990000 
7x40x88"" 24640 

Or thus. 



= 40-H-. 



Let X s the na tons. 

Work due to friction per hour = a: x 7 x 40 x 5280. 

But when the train moves uniformly, this is equal to the 
work of the engine per hour ; 

.'. a;x7x40x5280=30x33000x60; 

_ 30x33000x60 _ 
* 7x40x5280 ~^^' 



• • 



Ex.8. 
Work of engine per hour = 25 x 33000 x 60 ; 
Work consumed per hour in moving 1 ton = 7 x 40 x 5280 ; 

. vr 4^4. 25x33000x60 ^^ . 

ANo.oftons= ^^^^,^30 =33>4. 

Ex. 9. 

Work done by engine per hour = 70 x 33000 x 60 ; 
Resistance friction = 6 x 80 lbs. ; 
/. Work in moving the train 1 mile =6 x 80 x 5280 ; 

. XT -1 1. 70x33000x60 

• . No. miles per hour= ^^^0x5280 

70x33000x10 23100000 



80x5280 "" 422400 



= 54-6+. 
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Or thus. 



Let X = the no. miles per hour ; then 
Speed per hour in feet = a: x 5280 ; 
Resistance friction in lbs. = 6 x 80 lbs. ; 

.% Work due to friction per hour = 6 x 80 x a? x 5280. 
But this is equal to the work of the engine per hour ; 
/. 6x80xa;x5280 = 70x33000x60; 
_ 70x33000x60 _^^^ 
^^ 6x80x5280 ^^^'^' 



• • 



Ex. 10. 

Work done by engine per hour = 70 x 33000 x 60 ; 
Resistance friction = 6 x 100 lbs. ; 
.% Work in moving the train 1 mile = 6 x 100 x 5280 

T^T ., , 70x33000x60 

• • No. miles per hour=-:r — r-rr- — 

• ^ 6x100x5280 

70 X 33000 X 10 23100000 



100x5280 - 528000 



= 43-75. 



Ex. 11. 

Work done by engine per hour = 60 x 33000 x 60 ; 
Resistance friction = 6 x 120 lbs. ; 

/. Work in moving train 1 mile = 6 x 120 x 5280 ; 

T., « ., , 60x33000x60 

•> ^"- "^ '^'^'' ^' ^""^ = 6x120x5280 

33000 X 10 330000 



120x88 " 10560 



= 31-25. 



Ex. 12. 

Work done by engine per hour = 60 x 33000 x 60 ; 
Resistance friction = 8 x 120 lbs. ; 

/, Work in moving train 1 mile = 8 x 120 x 5280; 
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60x33000x60 



«*• No. of miles per hour =1 

=23'4. 



8 X 120 X 5280 
33000 33000 



8x2x88 1408 

Ex. 13. 

Resistance friction = 90 x 7 lbs. ; 

Space moved over in feet = 80 x 5280 ; 

•*• Work expended in moving the train 80 miles 

= 80x5280x90x7. 

Work of engine per hour = 100 x 33000 x 60 ; 

^^ ^^ 80x5280x90x7 

/. No. of hours =jQQ^33QQQ^gQ 

_ 80 X 88 X 3 X 7 _ 14-7840 

" 100x1100 -11-0000""^'^^"^' 

Ex. 14. 

Here, resistance friction = 45 x 7 lbs. ; 

.". Work expended in mo v. train 80 m. = 80 x 5280 x 45 x 7. 

Work of engine per hour = 100 x 33000 x 60 ; 

XT /.u 80x5280x45x7., ... . 

.% No. of hours = 100x33000x60 ^^^ <^cellmg) 

80x8x15x7 67200 



100x1000 ""100000 



= •672. 



Ex. 15. 

Resistance friction, or traction horse = -^^ of 2240 lbs. 

= 112 lbs.; 
/. Work horse = 1 12 x 260 = 29120. 

Ex. 16. 

Resistance friction = ^ of 2240 lbs. 

2240,^ 

==1o"^^*- 

2240 
/. Work horse == -3^ x 260 = 19413. 
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Art. 9. 

Ex. 1. 

Work in cuttmg 1 sq. ft = 29000; 

/. Work in cutting 4000 sq. ft. = 29000 X 4000 ; 

But this work is done in 10 hours ; 

^ ^ 29000x4000. 

.". Work per min. = — qq^IO — ' 

29000x4000 
-^^^•^•""60x10x33000 

29x20 580 ^^ 

Ex.2. 

Work in cutting 1 sq. ft. = 29000 ; 

/. „ „ 5000 sq. ft. = 29000 X 5000. 

^ , . 29000x5000 

Work per mm. = — g^^^^fQ— ; 

29000x5000 
•*• ^' ^""60x10x33000 

1450 ^ ^ 
=T98=7-^- 

Ex. 3 

Work of engine per day = 8 x 33000 x 60 x 12 ; 

Work in cutting 1 sq. ft = 29000 ; 

^r ^ ^ 3x33000x60x12 „,_ 
/. No. of sq. ft = 29000 "^ 2457. 

Ex.4. 

Work of engine per day = 3 x 33000 x 60 x 10 ; 
Work in cutting 1 sq. ft == 29000 ; 

^. . ^ 3x33000x10x60 ^^^^ 
/. No. of sq. ft. as 29000 ^ 
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OrikMM. 



L«t X = the noL of sq. ft. cut bj the engine ; then 
%Vork in catting I aq. ft. = 29000 ; 

.*• WoriL in catting x aq. ft. = 29000 x x. 

But this is eqo^ to the work perfbnned hj the engine ; 

.-. 29000xx = 3x33000xGOxlO; 

3x33000x60x10 ^^^ ^ 

•*• '= 29000 = 2048 sq. ft. 

Ex. 5. 

Work of engine per min. = 9 X 33000 ; 
Work in catting timber = 6000 X 29000 ; 

__ ^ . 6000x29000 
.-. ^o.ofmln. = -^^33^JQ^ 

2x29000 58000 ^. « . 
= 9x11 ^ 99 "^^^ "*" °^*^ or9"<6hour8. 

Let X = DO. hours ; then 
WoriL engine = 9 X 33000 X 60 XX. 
But this must be equal to the work in cutting the timber ; 
/. 9x33000x60xx = 6000x29000; 

6000x29000 



x= 



9x33000x60 
29000 



9x330 



= 9*76 hours- 



Ex. 6. 

Work of engine per min. = 10 x 33000 ; 
Work in cutting timber = 6000 x 29000 ; 

^^ . . 6000x29000 
/. No.ofmin. = -j^j3^33^^ 

2x29000 58000 ,^^ ^ 
= 10x11 ^ 110 ~ 527 -2-1- mm., or 878 hours. 
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AsT. UL 
Ex. 1. 

o , .. . . 20x5280 ,^^^ 
Speed of tnun per min. == gg = 1760 ft. ; 

Weight of train in lbs. = 60x2240=: 134400; 
Rise of rail per ft. = j^ ; 

/. Riseof rail per 1760 ft. = 1760 Xjq5= 17-6; 

/. Work due to gravity per min. = 134400 x 17*6 

= 2365440; 

2365440 
/. H. r.— 33000 —'^•6. 



Ex.2. 

c A 4^^' ^ • 15x5280 

Speed of tram per mm. = — gx =« 1320ft. ; 

Weight of train in lbs. = 60 x 2240 = 134400 lbs. ; 
Rise of rail per foot = ™v 5 

/. Rise of rail per 1320 ft. = 1320x^05 =13-2 ft.; 

.". Work due to gravity per min. = 134400 x 13*2. ; 

^ ^ „ _ 134400x13-2 ^^ ^ 
^^ H- ^- = 33000 = ^^•^• 



Ex. -3. 

r. . n . . 20x5280 ,.^^^ 
Speed of tram per mm. = — ^ = 1760 ft. ; 

Weight of train in lbs. = 60 x 2240 = 134400 lbs. ; 
Rise of rail per ft. = Tqq « 

G 
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/. Rise of rail in 1760ft.= -l- x 1760 = 17-6 ft. ; 

,\ Work due to gravity per min. = 17*6 x 134400 

= 2365440 ; 
„ „ friction per min. = 6 x 60 x 1760 

= 633600 ; 
/. Total work per min. = 2999040 ; 

. . Tx ,. 2999040 ^^ ^ 
^dH.P. = -33Qogp = 90-8. 



Ex. 4. 

« , n . . 40x5280 «,^^«. 

Speed of train per mm. = qqqqq = 3520 ft. ; 

Weight of train in lbs. = 75 x 2240 = 168000 lbs. ; 
Rise of rail per ft. = nH- 100 = -^^ ; 



•. „ „ 3520ft.= Q7v\x3520=4-4ft.; 



800 

/, Work due to gravity per min. = 4*4 x 168000=739200 ; 
„ „ friction per min. = 6 x 75 x 3520 

= 1584000; 
' ;. Total work per min. = 739200 -H 1 584000 = 2323200 ; 

A J TT x» 2323200 ^^ ^ 
^^H. P. =-33^3^ = 70-4. 



Ex.5. 

40 X 5280 
Speed of train per min. = ^ — = 3520 ft. ; 

Weight of train in lbs. = 75 x 2240 = 168000 lbs. ; 
Rise of raU per ft. = g-i- 100 = —^ ft. . 

/. „ „ 3520 ft. =30^x3520 =11.73 ft.; 



EXERCISES ON MECHANICS. 123 

/. Work due to gravity per min. = 168000 x 11-73 

= 1970640; 
„ „ friction per min. = 6 x 75 x 3520 

= 1584000; 
. Total work per min. = 1584000 + 1970640 = 3554640 ; 

* , XX ^ 3554640 ,^^^ 
^^H. P. = -^355^= 107-7. 

Ex.6. 

^ , /. . . 40x5280 ^^^^^ 
Speed of tram per min. = ^ =3520 ft. ; 

Weight of train in lbs. = 75 x 2240 = 168000 lbs. ; 

Rise of rail per ft. = g h- 100 = -^^ ft, ; 

J[ 

800 

.\ Work due to gravity per min. = 4-4 x 168000=739200 ; 
„ „ friction per min. = 6 x 75 x 3520 = 1 584000 ; 
/. Total work per min. = 1584000—739200 = 844800 ; 

A ^ XT T^ 844800 „^ ^ 
^^H. P. = -33^ = 25-6. 



Ex.7. 

50 X 5280 
Speed of train per min. = ^g = 4400 ft. 

Weight of train in lbs. = 75 x 2240 = 168000 lbs. 
Rise of rail per ft = g -*- 100 = qqq ft. ; 



•. „ „ 3520ft. = o7v\x3520 = 4-4ft.; 



.-. „ „ 4400 ft.= 57^^x4400 = 5-5 ft; 



800 

/. Work due to gravity per min. = 5'5 x 168000 = 924000 ; 
„ „ friction per min. = 75 x 7 x 4400 = 231 0000. 
Now as the train descends the gradient, we have 
/. Total work per min. = 23 10000 - 924000 = 1 386000 ; 

G 2 
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K Au jy 1386000 .^ 
^^^•^• = -33000-=^- 



Ex. 8. 

Speed of train per min. = — = 4400 ft. ; 

Weight of train in lbs. = 75 x 2240 = 168000 lbs. ; 

Rise of rail per ft. = 7-J-IOO = jzrp: ; 

'^ 4 400 

400 

.-. Work due to gravity per min. = 1 1 x 168000 = 1848000 ; 
„ „ friction per min. = 7 X 75 x 4400 =^ 23 1 0000 ; 
/. Total work per min = 2310000- 1848000 = 462000 : 



/. „ „ 4400ft = ^i7^x4400=llft.; 



. , „ ^ 462000 , . 
^^^•^• = ^3000-=^^- 



Ex.9. 



o A i^^' • 50x5280 ..^-, 
Speed of train per min. = — = 4400 ft. ; 

Weight of train in lbs. = 75 x 2240 = 168000 lbs. ; 

Rise of rail per ft. = 7-^- 100 = ■j^r;^ ft. ; 
^ 4 400 



.-. „ „ 4400ft. = 7^x4400=llft.; 



400 

.'. Work due to gravity per min. = 1 1 x 168000 = 1848000 ; 
„ „ friction per min. = 7 x 75 x 4400 = 2310000; 
.-. Total work per min. = 1848000+2310000 =4158000 ; 

. , „ T3 4158000 ,_ 
^^^'^• = ^3000- = ^^^- 



Ex. 10. 

c J rx^ . . 50x5280 _^^^ 
Speed of train per min. = gg — = 4400 ft. ; 
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Weight of train in lbs. = 60 x 2240 = 134400 lbs. ; 
Rise of rail per ft. =s g-*-!^ = oqq ft. ; 

1 



„ 4400 ft. = q7^ X 4400 = 5-5 ft ; 



.'. 99 n ^^^^*''- — 800 



.-. Work due to gravity per min. = 5-5 x 134400 = 739200 ; 

„ „ friction per min. = 7 x 60 x 4400 = 1 848000 ; 
/• Total work per min. = 1848000—739200 = 1108800 ; 

1 108800 
And H. P. = g^QQQ = 33-6. 

Ex. 11. 

Resistance friction = -^ of 24 cwts. 

= 2 cwts. = 2x112 lbs. = 224 lbs. ; 

Space in feet = 5280 ft. ; 

A Work due to friction = 224 x 5280 = 1 182720. 

2 
Rise of rail per ft. = tqq ft. ; 

2 

„ „ 5280 ft. = Jog x 5280 = 105-6 ft. 

Wt. in lbs. = 24x112; 

/. Work due to gravity = 24 x 1 12 x 105-6 = 283852 ; 
/. Total work = 283852 + 1 182720 = 1466572. 



Ex. 12. 

448 
Resistance of friction = -j^ of 16 cwts. = -^ lbs. ; 

Space in feet = 5280 ft. ; 

448 
/. Work due to friction = ^ x 5280 = 788480. 

Rise of rail per ft. = ^jt^ ft. ; 

, „ „ 5280 ft. = ~g X 5280 = 105-6 ft. 

G 3 
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Wt. in lbs. = 16x112 lbs.; 

/. Work due to gravity = 16 x 112 x 105-6 = 189235 +. 
Total work = 788480+ 189235 = 977715. 

Abt. 13. 
Ex. 1. 

Namber of relays = j^ = 6 ; 

No. shovellers to do the work in 1 day = ^^ = 100 ; 

„ barrowmen ,", „ „ =100x6 = 600; 

„ pickmen „ „ „ =^xlOO=33^; 

Wages of shovellers = 100 x 3^. = 3005. = 15L ; 
„ barrowmen = 600 x 3^. = 1800*. = 90/. ; 

„ pickmen = 33^ xSs. 4d, = ll Is. l\d, nearly 

= 51. 1 Is. l^d. 
.*. Total cost =15/. + 90/. +5/. lis. l^d. 
= llOLlls. Hd. 



No. relays = roA = 6; 



Ex.2. 
120 



^0000 
No. shovellers to do work in one day = -,^^ =60 ; 

oka) 

„ barrowmen „ „ „ =60x6 = 360; 
„ pickmen „ „ „ =^x60 = 20; 

Wages of shovellers = 60 x Ss. = 180*. = 9/. ; 
„ barrowmen = 360 x 3*. = 1080*. = 54/. ; 

,y pickmen = 20 x 3*. 4d. = 3/. 6*. 8d. ; 

/. Total cost = 9/. + 54/. +3/. 6s. Sd. 
= 66/. 6*. Sd. 

Ex.3. 

No. planks in the ramp =5 8 ; 

.•. Length of ramp = 12 x 8 ^ 96 ft. 



.-. Totalno. relays- ^ 



" f Total cost- ^^ 

Ex. 4- 

So. relays o-^«"^'= ^2_0' ^^^25^200000 c. ft. ; 

Content of excavation - ^qO ^ 400 ; 

. wort of shovellers = 5OO 
... Days' >^oryt ^en = 4 X 400 = 1600 , 

4x^-=633i; 

pictooen = 3 „rt„_-:2533! 

» i^na the excavation - 

f a«.v» in coropletms „,g. iss. 4d. 
•.'^°*»'tcost-2533^x2».6d. = 316l. 



Ex. 5. 
480 



^0. relays on level- ,20 ^^^^^^ 
pays' -^ of shovellers ^^^^^^ 

pickmen — 3 
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.*. Toul dol of diT3 in coMplcting the exesralioB = lOlS^ ; 
And cost = 2iL 6^ X lOlii = IdSL 13il 4iL 

Ex.a 
= S}x 400= 12661; 

=-^ — =eoo; 

.*. Total noL of darsrr 23661; 
And cost = 2L6dLx226^=2S3L6iL8^ 



• • 



3S0 

5000 

Di^y work of iihoTeLLos =-^^==- = 10; 

aOO 

„ „ laiTO«nneQ = S{-xl0 = Slf ; 

„ t, pidmien = — 5 — ^ 15 ; 

.*. Total noLdajs=10<^31f-^ 15 = 56f; 
.-. Cost = 2«.6dLx5^ 
= 7iLljLSdL 



HerHf bj Ex. -L, we kare 

No. ahordlen to con^plete tbe excmTstion in 1 daj 

= 400; 

-•• » a TT w in40dajs 

= :iV«^'*00 
= 10slK>Tdlen; 
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/. No. barrowmen = 10 x 4 = 40 ; 
/. No. pickmen = — 5 — = 13 J. 

Ex.9. 
No. relays = j^ = 4 ; 

Content of excavation = 140 x 40 x 25 = 140000 c. ft. ; 

140000 
Days' work of shovellers = ^qq = 280 ; 



yy 



99 



„ barrowmen = 280 x 4 = 1 120 ; 

4x280 ^^^, 
„ pickmen = — 5 — = 373^- ; 

.•. Total no. days = 1773^ days ; 
And cost = 2s. 6d. x 1773J 
= 221/. 13*. 4d 



Ex. 10. 

No. planks on the ramp= 13 ; 

/. Length of ramp =12x13 = 156 ft. ; 

156 
No. of relays on the ramp = -^ = 1 '95 ; 

480 
No. of relays on the level = j^q = 4 ; 

.'. Total no. of relays = 1-95 +4 = 5-95. 

T^ , , . . „ 200000 -^ 

Days work of shovellers = g^ = 400 ; 

„ barrowmen = 5*95 x 400 = 2380 ; 

4x400 



>j 



» 



„ pickmen = — 5 = 533J ; 

.-. Total no. of days = 3313^ days, 
And cost = 2s. Sd. x 3313^ 
= 414/. 3s. 4d. 

Q 5 
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Ex. 11. 

No. of planks on the ramp = 10 ; 

.•. Length of ramp = 12 x 10 = 120 ft. 

120 

No. relays on the ramp = -^ = 1 '5 ; 

Days' work of shovellers = ~Tqq~ = 180 ; 

„ „ barrowmen = 1 '5 x 180 = 270 ; 
„ „ pickmen = fx 180 = 108 ; 
.% ^otal no. of dajrs = 558. 
Now, since the work is to be done in 20 days, the number 
of men will be the ^th of the number required to do the 
work in 1 day. 

558 
/. No. of men to do the work in 20 days = -2^- = 27*9. 

Ex. 12. 

No. of planks on the ramp = 10 ; 

Length of ramp = 10 x 12 = 120 ; 

120 
No. of relays on ramp = -tttt = 1*5 ; 

ftOOOO 

Days' work of shovellers = ~Vqq- = 120 ; 

„ „ barrowmen = 120 x 1*5 = 180 ; 

„ „ pickmen =Jxl20 = 72; 

/. Totid no. of days = 372, 

372 
And no. of men to do work in 20 days =-o7r= 18*6. 



20 



Art. 14. 

Ex. 1. 

^ ^ . 40x5280 ^^^^ 
Speed per mm. = — gQ =3520 ; 
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Resistance of air = f tq J x 50 = 800 lbs. ; 

Work due to resistance of air = 800 x 3520 = 2816000 ; 

, 2816000 _ 

•• ^•"^•- 33000 -^^^- 



Ex. 2. 

« , . 20x5280 .^^ 
Speed per min. = ^^r = 1760; 

/20\ ^ 
Resistance of air = f j^ J x 50 = 200 lbs. ; 

Work due to resistance of air = 200 x 1760 = 352000 ; 

352000 ^ 
•'• ^- ^* — 33000 "" * 



Ex. 3. 

20 X 5280 
Speed per min. = ^q = 1760 ; 

/20\2 
Resistance of air = ( tj; ) x 1 5 = 60 lbs. ; 

Work due to resistance of air = 60 x 1760 = 105600 ; 
Work due to friction = 6 x 20 x 1760 = 213200 ; 
/. Total work per min. = 105600+213200 = 318800, 

318800 
^^ ^•^• = "33000 =^'^- 

Ex. 4. 

30x5280 
Speed per mm. = gg — = 2640 ft. ; 

/30\2 
Resistance ofair=:fT^J xl5 = 135 lbs.; 

.'. Work due to the resistance of the air per min. 
= 135x2640=356400. 

o 6 
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Work due to friction per min. = 6 X 20 x 2640 

= 316800; 

/. Total work per min. = 356400+316800 

= 673200 ; 

. H P -^^??^-20-4 

Ex.5. 

e , . 40 X 5280 Q^^^. 
Speed per mm. = -^ — = 3520 ft. ; 

/40\2 
Resistance air^fy^l x40 = 640 lbs. ; 

/. Work due to the resistance of the air per min. 
= 640 X 3520 = 2252800. 
Work due to friction per min. = 6^ x 90 x 3520 

= 2059200 ; 

/. Total work per min. = 2252800 + 2059200 

= 4312000; 



Ex. 6. 
Speed per min, = ^ — = 4400 ; 

Resistance air = (t^ J x 40 =1000; 

/. Work due to the resistance of the air per min. 
= 1000 X 4400 = 4400000. 

Work due to friction per min. = 6^ x 90 x 4400 

= 2574000 ; 
/. Total work per min. = 4400000+2574000 

= 6974000; 
. „ 6974000 _ 

••'""^•■""ssooo"'"'^^ • 
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Ex. 7. 



o J . 60x5280 ^„^^- 
Speed per mm. =a ^^r = 5280 ft. ; 

xfSfW 2 

Resistance air = f T|r j x 35 = 1260 lbs. ; 

/. Work due to the resistance of the air per min. 
= 1260 X 5280 = 6652800 ; 
Work due to friction per min. = 6 x 60 x 5280 

= 1900800; 
/. Total work per min. = 6652800 + 1900800 

= 8553600 ; 

. HP . 8553600 ^ 

Ex. 8. 

o J . 30x5280 o^^^-. 
Speed per mm. = ^ = 2640 ft. ;• 

Total resistance of air =400 lbs. ; 

/. Work due to the resistance of the air per min. 

= 400 X 2640= 1056000 ; 

Work due to friction per min. = 6 x 70 x 2640 

= 1108800; 
/. Total work per min. = 1056000+1108800 

= 2164800 ; 
. „ 2164800 _ 

•• ^•^•=-33606"-^^ ^• 



Art. 15. 
Ex. 1. 

Work of engine per hour = 33000 x 8 x 60 

= 15840000. 
Effective work of engine per hour = 15840000 x f 

= 10560000. 
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Depth of the pit in ft. = 1 60 X 6 = 960 ft. ; 

.*. Work in raising one cubic ft of water = 960 x 62*5 

= 60000; 

10560000 
.*, No. cubic ft raised per hour = QrvQQQ = 1 ' 6. 

Or thus. 

Let X =r the no. of cubic feet of water raised per hour. 
Wt water in lbs. == 62'5 x x. 
Depth of the pit in ft = 960 ft ; 

.'. Work in raising water per hour = 62*5 x a: x 960. 
But this is equal to the effective work of the engine per 
hour; 

/. 62-5 X a; X 960 = 10560000 ; 

1 0560000 
'*• * "~ 62-5 X 960 •"'^^*' 

Ex.2. 

Work of engine per hour =r 33000 x 8 x 60 

= 15840000. 

Effective work engine per hour = 15840000 x f 

= 10560000. 

Depth of the pit in ft = 200 x 6 = 1200 ft ; 

/. Work in rdsing one cubic foot of water = 1200 x 62*5 

= 75000; 

1 (T^finnno 
.*. No. cubic ft. raised per hour = <7R{yryr\ = 140'8. 

Ex.3. 

Wt. water raised per min. = 2*2 x 62*5 lbs. = 137*5 lbs. 
Depth of the pit in ft. = 160 x 6 = 960 ft 
Work in raising 2*2 cubic ft of water, or work per min. 

= 137-5x960=132000. 
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Effective work of 1 BL P. of the engine per min. 

= 33000xf 
= 22000; 
. 132000 

•' ^•^•— 22000 ""^* 

Or thus. 

Let X = the no. of horse powers. 
Effective work engine per min. = 33000 x a? x f . 
Work in raising the water per min. =2*2 x 62*5 x J60 x 6 

= 132000; 
.'. 33000 XX xf =132000, 
132000 X 3 
^•" 33000x2 "^• 

Ex.4. 

Work in raising 1-65 c. ft. of water = 1 65 x 62 5 x 160 x 6 

= 99000. 
Effective work of engine per min. = 33000 x f 

= 22000; 

/. U. r. — 22000 "" ^^' 

Ex. 5. 

Wt. water = 44 x 62-5 = 2750 lbs. 

Depth in ft. = 160 x 6 = 960 ft. 

Work in raising 44 c. ft. of water =2750 x 960 = 2640000. 

Effective work of engine per min. = 8 x 33000 x f 

= 176000; 

.XT f • * 2640000 ^^ 
/. No. of minutes = ^^gQQ^ = 15. 

Or thus. 
Let a;= the no. minutes required to pump the water. 
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Effective work engine = 8 x 33000 x f x a: 

= 176000X3?. 

But this is equal to the work in raising the water ; 

.-. 1 76000 X a: = 2640000; 

_ 2640000 __ 
•*• ^~' 176000 "" 

Ex.6. 

Work required to be done per day = 800 x 20 x 62*5 x 60 

= 60000000. 
Effective work of 1 H. P. of the engine per day = 33000 
x60x8xf 

= 10560000 ; 

. gp_ 60000000 _ 
•• •10560000"" 

Ex. 7. 

Work required to be done per day = 800 x 9 x 62*5 x 60 

= 27000000. 
Effective work of 1 H. P. per day = 33000 x 60 x 8 x f 

= 10560000 ; 
„ ^ 27000000 ^^ 
••• ^'^'= 10560000 = ^'^ ^^^y- 



Art. 17. 

Ex. 1. 

Weight of water = 200 x 62*5 = 12500 lbs. 
Height of the faU = 20 ft. ; 

/. Work of water per min. = 12500 X 20 = 250000. * 
Modulus of the wheel = f ; 

.\ Effective work of the wheel per min. = 250000 x § 

= 1666661 ; 
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. TT p _ 1666661 _g , 



Ex.2. 

Weight of water = 80 x 62-5 = 5000. 
Height of the faU = 20 ft. ; 

A Work of water per min. = 5000 x 20 = 100000. 
Effective work of wheel per min. = 100000 x f 

= 666661 ; 
. TT p _ 66666| _Q , 

•• ••""33066" """*"• 

Ex. 3. 
Water going over the fall per min. = 2 x 1 x 50 

= 100 cubic feet ; 
/. Weight of water = 100 x 62-5 = 6250 lbs. 
Height of the faU = 16 ft ; 

.-. Work of water per min. = 6250 x 16 = 100000. 

As the water wheel in this case is supposed to take up all 
the work, we have 

'• ^- ^' - ^3660 - ^^^• 

Ex.4. 

Water going over the fall per min. = 2 x 1 x 40 

= 80 cubic feet ; 
/. Weight of water = 80 x 62-5 = 5000 lbs. 
Height of the fall = 16 ft ; 
/. Work of water per min. = 5000 x 16 = 80000 ; 

TT P — §299^ — OA 
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Ex.5. 

Water going over the fall per min. = 2 x 1 x 50 

= 100 cubic feet ; 
A Weight of water = 100 x 62-5 = 6250 lbs. ; 

/, Work of water per min. = 6250 x 16 = 100000. 
Effective work of the wheel per min. = lOCOOO x -6 

= 60000; 

•• ^^•"" 33000" 

Ex.6. 

Water going over the fall per min. = 3 x 2 x 40 

= 240 cubic feet ; 

.% Weight of water = 240x62-5 = 15000 lbs. 
Height of the fall = 10ft ; 
.-. Work of water per min. = 15000 x 10 = 150000 ; 

/. Effective work of wheel per min. = 150000 x -j^^ 

=90000; 

Ex. 7. 

Water going over the fall per min. = 3 x 2 x 40 

= 240 cubic feet ; 

/. Weight of water = 240x62-5 = 15000 lbs. 
Height of the faU = 8 ft. 
Work of water per min. = 15000 x 8 = 120000. 
Effective work of the wheel per min. = 120000 x -^ 

= 72000; 

. HP -^-^5^-2-1 
•• ^•^•""33000"" ^* 
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Water going over the fall per second = 4 x 3 x 1*5 c. ft. ; 

•, Water going over the fall per min. = 4x3xr5x60 

= 1080 cubic feet ; 

/. Weight of water = 1080 x 62-5 = 67500 lbs. 
Height of the fall = 9 ft. ; 

/. Work of water = 67500 x 9 = 607500. 

Effective work of wheel per min, = 607500 x -68 

= 413100; 
413100 
•'• ^- ^' - 33000 "" 

Ex.9. 

Water going over the fall per min. =4x3x"5x60 

= 360 cubic feet ; 

.'. Weight of water =360 x 62-5 = 22500 lbs. 

Height of the fall = 9 ft. ; 

.-. Work of water = 22500 x 9 = 202500. 

Effective work of the wheel per min.v= 202500 x 68 

= 137700; 

__ _ 137700 . , 
' • ^'^- 33000 ~ ^ ^* 

Arts. 22. and 23. 

Ex. 1. 

Work done upon one inch of the piston in 1 stroke 
lbs. pressure steam per sq.in. x length stroke = 30 x 8 = 240 ; 
.•. Work done upon the whole piston in 1 stroke 

work done on 1 sq. in. of piston x no. sq. inches in the piston 
240x500=120000; 
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/, Work done upon the whole piston in 20 strokes 
= 120000 X 20= 2400000. 
As this is the work done per min., we have 

_ 2400000 _^^^ 
•"■ 33000""' '• 

Ex. 2. 

Work done upon one inch of the piston in one stroke 

= 20x8 = 160; 
/, Work done upon the whole piston in one stroke 

= 160x500 = 80000; 

.•, Work done upon the whole piston in 20 strokes 

= 20x80000=1600000; 

„ ^ 1600000 .o . 
••• ^-^-^ -33000- =^^•^• 

Ex. 3. 

Work of engine per min. = 24 x 33000 = 792000. 
Work of 1 lb. pressure of steam in 1 stroke = 1 x 500 x 8 ; 
/, Work of 1 lb. pressure of steam per min. = 500 x 8 x 20 

= 80000.; 

/. No. lbs. pressure = ^^^^ = 10 lbs. nearly. 



Or thtis* 

Let a: = the mean effective pressure of the steam in lbs. 
upon each square inch of the piston. 

Work of steam on the whole piston in 1 stroke ♦ 

= a?x8x500; 
/. Work of steam on the whole piston per min. 

= ^x8x500x20. 
But this must be equal to the work of the engine per 

minute ; 

/. xx8x500x20 = 792000; 
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792000 ,-„ , 

-^ = 8x500x20 =^^^^^'°^^^^' 



Ex. 4. 

Work done upon one inch of the piston in 1 stroke 

= 9x7-9 = 7M; 
.*• Work done upon the whole piston in one stroke 

= 71-1x2800 

= 199080 ; . 

,\ Work done upon the whole piston in 11*5 strokes, or 

per min. = 199080 x 11*5 

= 2289420 ; 
. TT p_ 2289420 _ 
•• ^- ^•■' ^33000" ""^^^• 

Ex. 5. 

Work done upon one inch of the piston in 1 stroke 

= 9x7-9 = 7M; 
/, Work done upon the whole piston in one stroke 

= 71-1x700 = 49770; 

/. Work done upon the whole piston in 23 strokes 

= 23x49770=1144710; 

. •• ^•^•""33000 ^^^' 

. Ex. 6. 

Volume water in the cylinder of pump = 9 x 10 c. ft. 
Work in raising water at each double stroke 
= 9x10x62-5x108 = 607500; 
.*. Work in raising water per min. = 607500 x 8. 
Work steam per min. at 1 lb. pressure on each inch of the 
.piston = 5000 X 10 x 8 ; 

._ „ 607500x8 ,«,,,, 

/. No. lbs. = 5000^^0^8 = ^^'^^ ^^«- 
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Or thtis. 

Let X = no. lbs. effective pressure on each inch of the 
piston ; then 

No. lbs. pressure on piston = a; x 5000 ; 
Work steam per min. = a: x 5000 x 10 x 8 ; 
And, as in the foregoing solution, 

Work in raising water per min. = 607500 X 8. 
But the work of the steam is expended in raising the 
water ; 

.-. a:x5000xlOx8 = 607500x8; 

607500x8 ,«,^,, 
••• ^ = 5000 X 10x8 = ^^'^^^^»' 



Ex.7. 
Here the effective work per min. = 607500 x 8 ; 

.-. Useful H.P.=^5g^= 147-2. . 



Ex.8. 

Effective work of engine per min. = 20 x 33000 

= 660000; 
Work in overcoming friction per min. = 2 x 300 x 10 x 12 

= 72000; 
.*. Total work of engine per min. = effective work -|- work 
friction = 660000 + 72000 = 732000. 
Work of steam per min. at 1 lb. pressure on each inch of 
piston = 1 X 300 X 10 X 12 = 36000 ; 

XT IK ^4 • 732000 

.*. No. lbs. pressure of steam per min. = ^^^^ 

= 20 J lbs. 

Or thus* 

Let X = the no. lbs. pressure of the steam. 
Work of steam in each stroke = 07 x 300 x 10 ; 
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/. Work of steam in 12 strokes, or per min. 

=:a:x300x 10x12; 

This must be equal to the total work of the engine per min. ; 

.-. a;x300x 10x12 = 732000; 

732000 „^, „ 

-^ = 300x10x12 = ^^^^ 

Ex.9. 

Here, as in the last Example, 

Effective work of engine per min. = 15 x 33000 

= 495000 ; 
Work in overcoming friction per min. = 2 x 300 x 5 x 12 

= 36000; 
/. Total work of engine per min. = 495000+36000 

= 531000. 
Work of steam per min. at 1 lb. pressure on each inch of 
piston = 1x300x5x12 = 18000 ; 

. XT IK ^ ♦ • 531000 

/. No. lbs. pressure of steam per m.= lof^yv - 

= 29-5. 

Ex. 10. 

Work steam in 1 stroke = 45 x 400 x 3 ; 

.*. Work steam per min. = 45 x 400 x 3 x 18 

= 972000 ; 
Work due to the resistance of friction and the pressure of 
the atmosphere per min. = 18 x 400 x 3 x 18 

= 388800 ; 
/. Effective work steam per min. = 972000—388800 

= 583200 ; 

Volume cylinder, or steam discharged each stroke 
"144X3; 
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Volume steam discharged per min. = jji x 3 x 18 

= 150 eft. 

Now, by the table, at 45 lbs. pressure, 610 c. ft. of Bteam 
is raised from 1 c. ft. of water ; 

« /. 1 . 150 

/, No. c. ft. of water evaporated per mm. = ^^ 

= '246 c. ft. nearly. 



Ex. 11. 

Work of steam in 1 stroke = 48 x 400 x 3 ; 

.% Work of steam per min. = 48 x 400 x 3 x 18 

= 1036800. 
As in the last Example, 

Work due to the resistance of friction and pressure of 
atmosphere per min. = 18x400x3x18 = 388800 ; 

Effective work steam per min. = 1036800—388800 

= 648000 ; 

Volume cylinder, or steam discharged each stroke, 

400 ^ 
= 144x3; 

400 
Volume steam discharged per min. = y^r x 3 x 18 

= 150 c. ft. 

Now, by the table, at 48 lbs. pressure, 575 c. ft. of steam 
is raised from 1 c. ft. of water ; 

150 
.'. No. c. ft. of water evaporated per min. = -pj— = '26 c. ft. 

075 
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Ex. 12. 

, by the solution to Ex. 10., we have 

: done hj -246 c. ft. water = 583200 ; 

T 1, A X. M n A . 583200x11-5 

"ork done by 11*5 c. ft. water = ^tt^ 

•^ '246 

= 27 millions + ; 

) the work done by a bushel of coals, or the duty of 

ine. 

Ex. 13. 
by the solution to Ex. 11., we have, 
: done by '26 c. ft. water = 648000 ; 

A u 11 « A * 648000x11-5 
: done by 11*5 c. ft. water = pit; 

= 28 millions-!- ; 
s the duty of the engine, or the work done by a 
»f coals. 

Abt. 28. 

Ex. 1. 

the arm by which P acts = 2 ft. = 24 in. ; the arm 
h W acts = 3 in. ; and W = 64 lbs. to find P. 

.% Px24 = 64x3; 
. p_64x3_64_ 

Ex.2. 
Px24=16x3; 

.. r- 2^ - g -ziDs. 

Ex. 3. 

the arm by which P acts = 24 in.; P = 14 lbs. ; and 
by which W acts = 3 in., to find W. 

H 
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/, Wx3 = 14x24; 

... W=^l|^=14x8 = 1121b8. 
o 

= 1 cwt 



Ex. 4. 

Let X = the distance of the power, in inches, from the 
fulcrum ; then 

Moment of the power = 7 x ar ; 
„ „ weight =126x2; 

/. 7xa?=:126x2, 

/. a;= — = — =18x2 = 36 inches 
= 3 feet. 



Ex.5. 

In this case we have 

6xar=126x2; 

126x2 126 .o- 1. 
.% ar = — ^ — = -— - = 42 inches, 
o o 



Ex.6. 

Here a power of 60 Ihs. is applied at the distance of 30 in. 
from the fulcrum ; the weight, W, or the resistance, acts at 
the distance of 3 in. from the fulcrum ; and W is required ; 

.'. Moment of the power = 60 x 30 ; 

» M weight = W X 3 ; 

/. Wx3 = 60x305 

... W = ^5~^ = 60xlO = 6001bs. 
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Ex, 7. 
In this case we have, 

Wx3 = 47x30; 

... W = ^^^4^ = 47 X 10 =470 lbs. 

Ex. 8. 

Here a power of 2 tons is applied at the distance of 10 ft, 
from the fulcrum ; the weight, W, or the resistance, acts at 
the distance of 9 ft. from the fulcrum ; and W is required ; 

/. Moment of the power = 2 x 10 ; 
„ „ weight = Wx 9; 

/. Wx9 = 2xlO; 

.,W=22^=f = 2itons. 

Ex.9. 

In this case we have, 

Wx8 = 2xlO; 

,.W = ?4l° = f = 2itonB. 

Ex. 10. 

Total pressure of the steam on the safety valve 

= 50 lbs. X 4 = 200 lbs. ; 

Eifective pressure of the steam upon the lever 
= Total pressure steam— wt. valve 

= 200 lbs.-6 lbs. = 194 lbs. 

Now this pressure is applied at the distance of 2 inches 
from the fulcrum F ; 
.% Moment of the pressure of the steam = 194 x 2 = 388. 
Moment of the load W = 20 x length lever ; 

h2 



148 KEY TO TATB's 

/. 20 X length lever = 388 ; 

388 
.% Length lever = -^ = 19*4 inches. 

Ex. 11. 
In this case we have, 
Total pressure of the steam on the safety valve 

= 301bs.x4 = 1201bs; 
Effective pressure of the steam upon the lever 

= 120 lbs. -6 lbs. = 1 14 lbs. ; 
Moment of the pressure of the steam = 114x2 = 228 ; 

/. 20 X length lever = 224 ; 

224 
/. Length lever = -^- = 11*2 inches. 



Abt. 38. 

Ex. 1. 

Here a power of 70 lbs. is applied at the distance of 20 
inches from the centre of motion ; a weight, W, acts at the 
distance of 4 inches from the centre of motion ; and W is 
required ; 

,'. Moment of the power = 70 x 20 = 1400 ; 
M » weight = W X 4 ; 

.-. Wx4 = 1400, 

.-. W = i^=3501bs.; 

JJiX. £f 

In this case we have, 

Wx3=70x20, 

_ 70 X 20 _ 1400 . _2 ,, 
••. W = — ^ — =-y- = 466f lbs. 

Ex. 3. 
Here a weight of 400 lbs. acts at the distance of 4 inches 
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from the centre of motion ; a power, P, is applied at the dis- 
tance of 20 inches ; and P is required when equilibrium 

takes place ; 

/. Moment of W = 400 x 4 • 

„ „ P =Px20; 
/. Px20 = 400x4, 

.-. P = ^^^ = 20x4 = 801bs. 

Ex. 4. 

Let X = the radius of the axle in inches ; then, 

Moment ofW = 4xll2xa?; 

„ P = 60 X 2 X 12 ; 

/. 4xll2xa? = 60x2xl2; 

60x2x12 oo . • u 
^ ~ 4x112 ~ "^ mches. 



• • 



Ex. o. 
In this case we have, 

4xll2xa: = 60x20; 

•'• ^=A — rr77 = 2-6+ inches. 
4x112 

Abt. 39. 

Ex. 1. 

First, on the principle of work. Let the handle H (see 
^g. 73. of the text) make one revolution ; then we have. 

Space moved over by P = 2 x 2 x 3'1416 ft. ; 

.% Work of P = 4 X 3-1416 X P. 

Circumference large axle = -Jx3'1416; 

„ small axle = -J^x 3*1416; 

.', Space moved over by W in ft. = ^ of {^x 3*1 4 16—^ 

X 3-1416} = 3-1416 xi(i-i)=3-1416 X | x f =3-1416 






/. Workof W = 800x3-1416 Xt^. 

H 3 
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Now as the work of P is equal to the work of W friction 
being neglected, we have, 

4x3-1416xP = 800x3-1416xA; 
/. 4xP = 800xt^; 

p__ 800x 3_ 100x3 _300 

'*• 4x16 4x2 8 

= 37-5 lbs. 

Second, on the principle of the equality of moments. 
Hadius large axle = ^ of ^ ft. = J ft. ; 
,, small axle = ^ of ^ ft. = -j^ ft. 

Now each cord sustains ^ of 800 lbs. = 400 lbs. ; 
/, Moment force applied to the large axle = 400 x ^ = 100 ; 
„ „ „ „ small axle = 400 x ^^ = 25 ; 

Moment force applied to the handle = 2 x P. 

But the sum of the two latter moments must be equal ,to 

the former ; 

.-. 2xP+25 = 100; 

.-. 2xP = 75; 
P = y = 37-5 lbs. 



. • 



Ex.2. 

First, on the principle of work. As in the last example, 
we have 

Work of P = 4 X 3-1416 X P. * 
Circumference large axle =-^x3*1416; 
„ small axle =1^x3*1416; 

Space moved over by W in ft. = ^ of {J x 3*1416— | 
X 3-1416} =3-1416 xKi-|)=3-1416x I xi=3-1416 






V 1 • 



.'. Work of W = 800 X 3-1416 XtV; 

/. 4 X 3-1416 xP = 800 X 3-1416 XtV; 

.% 4P = 800xtV; 

. p_J2^=I09-i2.5lb8 
•••^■"4716 8 -^^^^*^«- 
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Second) on the principle of the equality of moments. 

Radius large axle = -^ of -^ ft. = :^ ft. ; 

„ small axle = ^ of f ft. =-]^ ft. ; 

.*. Moment force applied to the large axle = 400 X J = 100 ; 

„ „ „ y, small axle 

.^3 100x3 300 ^- 
= 400 X T^= — :i — =— i- = 75 ; 
16 4 4 

Moment force applied to the handle = 2 x P ; 
/. 2xP+75 = 100; 

.-. P=l«^=f = 12-51bs. 

Ex. 3. 

Supposing the handle to make one revolution, we have 
Space moved over by Win ft.=^ of {J x 3-1416—^ x 3-1416} 

= 3-1416 XT^g.; 

/. Work of W = 800 X 3-1416 XtV- 
But from the solution to Ex. 1., we have 
Work of P = 4 X 3-1416 x P ; 
/. 4 X 3-1416 xP = 800 X 3-1416 Xt^; 

4x 16 

Ex.4. 

First, on the principle of work. Here, proceeding as in 
Ex. 1., we have 

Space moved over by P = 2 x 2 x 3-1416 ft. ; 

„ „ by W = 3-1416 x^ ft. 5 

/. Work of P = 75 X 4 X 3-1416 ; 

„ of W=Wx 3-1416 x^; 

/. Wx 3-1416 Xt^ = 75x4x3-1416; 

.-. W.Xt^ = 75x4; 

^^75x4x16^25x4x16 
= 1600 lbs. 

H 4 



• • 
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Second, on the principle of the equality of moments. 
Moment force applied to the large axle = iWx4- = -i^W; 

„ „ „ „ small axle = iWxTV = TVWj 

Moment force applied to the handle = 75 x 2 = 150. 
But as the sum of the last two moments is equal to the 
first, we have 

|W = ^W+150; 
••. iW-^W=150, 

wa-T^)=i5o, 

Wx^3^=150; 

... w= ^^5^ = 50x32= 1600 lbs. 

4RxP 
Or thus, by the formula W = ^pr — =-. 

Here, R=2, P = 751bs., D = ^, and rf = |ft.; 

. w_ 4x2x75 

• • ** -- TZl 

■2" -g- 

4x2x75 4x2x75x8 



3 



= 1600 lbs. 



Art. 41. 

Ex. 1. 

Here the advantage gained by the pulleys is 8, that is, 
8P = W or 16 lbs., therefore P = | of 16 lbs. = 2 lbs. 

Ex.2. 

Here the advantage gained is 16, that is, 16P = W or 
16 lbs., therefore P = ^V of 16 lbs. = 1 lb. 

Ex.3. 

Here the tension of each cord by which the moveable 
pulley hangs =1 of {4 lbs. + 180 lbs.} = 1 of 184 lbs. = 92 lbs., 
which must be the weight of P. 
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Ex. 4. 

In this case, we have 

Tension each cord by which the first moveable pulley is 
suspended = i of {4 lbs. + 180 lbs.} = 92 lbs. 

Tension each cord by which the second moveable pulley 
is suspended = ^ of {4 lbs. +92 lbs.} = 48 lbs., which must 
be the weight of P. 

Art. 42. 

Ex. 1. 

Here the height of the plane being small as compared 
with its length, we have 

Work in moving the body up the plane — wt. in lbs. 
X perpend, height = 2 x 2240 x 2 = 8960. 
But we also have this work = pressure x length plane 

= pressure x 80. 
.-. Pressure X 80 = 8960 ; 

.*. Pressure = ■ - = 1 12 lbs., or 1 cwt. 

oO 



Ex.2. 

In this case, we have 

Pressure x 80 = 2 x 2240 x 3 ; 

. ^ 2x2240x3 _^,, 
.*, Pressure = ^^ = 168 lbs. 

1^ / 11 . 

=-7— r CWtS. = 1* CWtS. 
112 ^ 



Ex.3. 

Let us suppose that the body is moved up the whole 
length of the plane by the pressure of P lbs. 

H 5 
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Wt. body in lbs. = 2 x 2240 = 4480 lbs. 
Work due to friction = ^ of 4480 x 80. 

« » gravity = 4480 x 2. 
Now the sum of the works due to friction and gravity 
must be equal to the work of the pressure P, or P x 80 ; 
/. Px 80 = ^ of 4480x80+4480x2; 
.*. P = ^x4480+112 =149^ + 112 
= 261^ lbs. 

Ex.4. 

In this case, we have 

Work due to friction = 3^- of 4480 x 80 

= 224x80=17920; 

.-. Px 80 =17920+4480x2 
= 26880 ; 

/. P = -g^ = 336 lbs., or 3 cwt. 



Arts. 44. and 45. 
Ex. 1. 

Let the lever be turned round once ; then 
Space moved over by P = 6 x 3*1416, 
„ „ „ W = thickness thread 

= -^ofi = 3feft.; 
.-. Work of P = 60x6x 3-1416; 
Workof W = WX3^; 

.". Wx3^ = 60x6x3-1416; 
/. W = 60x 6x3-1416 A 24 = 27143 lbs. 
27143 



2240 



tons = 12-1 tons. 
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Ex.2. 

Space moved over by P = 4 x 3*1416 ft. 

= 12-5664 ft. 

Space moved over by W = J x ^ ft = -jJ^ ft. ; 

/. Work of P = 60 X 125664 = 753-984 ; 
WorkofW = WxT3^. 

/. Wx^= 753-984; 
/. W = 753-984x16 =12063-744 lbs. 
12063-744 



2240 



tons = 5*3 tons. 



Ex. 3. 

In this case the expression for the work of P is the same 
as in Ex. 1. 

Space moved over by W = f x ^^ = -j^ ft. 

A Workof W = Wx-^; 

.-. Wxt^ = 60x6x3-1416-, 

/. W = 60 X 6 X 3 1416 x 18 = 20357-568 lbs. 

20357-568 



2240 



tons = 9 tons. + 



Ex.4. 

Let the lever be turned round once ; then 
Space moved over by the press board 

Work resistance, or work of W = W x j^* 

Space moved over by P = 6 x 3-1416 ; 

Work applied, or work of P = 60 x 6 x 3-1416 

= 1130-976; 

•*• Wx-jgg = 1130-976; 

H 6 



156 KEY TO TATE'S 

.-. W = 1 130-976 X 168 = 190003-968 lbs. 
190003-968 



2240 



tons = 84-8 tons. 



Ex. 5. 

Space moved over by the press board 

1 3 — !;« — JLPt • 

/. Work resistance = W x ?r^- 

96 

Space moved over byP = 6x3-1416; 

Work applied, or work P = 20 x 6 x 3-1416 

= 376-992 ; 

•'• Wx^ = 376-992. 
96 

/. W = 376-992x96 = 36191-232 lbs; 
36191-232 



2240 



tons = 16-1 tons. 



Ex. 6. 
Here, P = 60 lbs., and W = 190003 lbs. 

. A^ f W 190003 ^.__ 

.'. Advantage = -p= — ^^ = 3160+. 



Art. 47. 
Ex. 1. 

30 
Advantage gained by the lever = -^ =15. 

Therefore a pressure of 56 lbs. applied to the lever will 
produce a pressure of 15 times 56 lbs. or 840 lbs. upon the 
3mall piston. 

Advantage gained by the pistons = — r— = 200. 



EXERCISES ON MECHANICS. 157 

■ 

Therefore a pressure of 840 lbs. applied to the small piston 
will produce a pressure of 200 times 840 lbs., or 168000 lbs., 
upon the large piston. 

But 168000 lbs. = ^il^ tons = 75 tons. 

2240 

Ex.2. 

Here, as in the last example, the pressure exerted on tlie 

small piston is 840 lbs. ; now we have 

40 
Advantage gained by the pistons = — = 40. 

Therefore a pressure of 840 lbs. applied to the small piston 
will produce a pressure of 40 times 840 lbs., or 33600 lbs., 
upon the large piston. 

But 33600 lbs. = ^^ tons = 15 tons. 

Ex. 3. 

Here, as in Ex. 1., the pressure exerted upon the small 
piston is 840 lbs. ; now we have 

400 
Advantage gained by the pistons = -3- 

.•. Pressure produced upon the large piston 
= 600 times 840 lbs. = 504000 lbs. = 225 tons. 

Arts. 50. and 53. 

Ex. 1. 
Here, velocity acquired in 1 sec. = 32 J ft. 

„ „ 5 sec. = 5 times 32^ ft. 

= 160f. 
Or thus, by the formula, v = tx 32^. . 
In this example, ^=5, and v is required ; 

/. t;-5x32i = 160f ft 
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Ex.2. 

Velocity acquired in 1 sec. =32^^ ft. 

yy „ . 2 sec. = 2 times 32^ ft. 

= 64^ ft 

Ex.3. 

In every second the velocity acquired, or gained, is 32^ ft., 
therefore as many times as 32^ ft. can be taken out of 193 ft. 
for so many seconds must the body have fallen ; 

193 
.*. No. seconds = qoT = 6 sec. 

Or thus, by the formula v = tx 32 J. 

In this example, t7 = 193, and t is required ; 

.-. ^x 32^=193; 

193 
• • * — Qo 1 "~" o sec 

Ex.4. 

. 386 386x6 ,^ 
No. seconds = goT ~ |qq = l". 



Ex.5. 

Space = <®xl6T^ 

= 2«xl6^ = 64^ft., 
which is the height of the tower. 

Ex.6. 
Space = /2 X 16^ 

= 5«x16tV = 25x16A 
= 402^3^ ft, 
irhich is the height required. 
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Ex.7. 

Here we shall first fina the number of seconds which the 
body must have fallen to acquire the velocity of 96^ ft. 

' No. seconds in falling = q^t = ^ sec. ; 

/. Space = 32xl6^=144f ft.; 
which is the height to which the body will ascend. 

Ex. 8. 

In order to ascertain the height to which the body will 
rise in 2 seconds, we must find the space through which the 
^ody would fall during the last two seconds of its descent. 
Space in 3 seconds = S^ x 16,^ = 144f ft. 
„ „ 1 second = 16^ ; 

.*. Space moved over during the last two seconds 
= 144|-16T3j = 128f ft 

Ex.9. 

193 
No. seconds in falling = ^j = 6 sec. ; 

/. Space = 62x16^^ = 579 ft., 
which is the height from which the body must fall. 

Ex. 10. 

Accumulated work = 8 x 579 = 4632. 
Or thus by the general formula, 

,, V^xW 
U ^ — ^ • 

In this example, V = 193, W = 8 ; 
which is the same result as before. 
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Ex. 11. 

Here we shall first find the height from which the body 
must fall in order to acquire the given velocity. 

No. seconds in falling = r^ = 12 sec. ; 

/. Height= 122x16^3^ = 2316 ft; 
/. Work accumulated in the body = height in feet from 
which it must fall x wt. in lbs. = 2316 x 4 = 9264. 
Or thus by the general formula. 
In this case, V = 386, and W= 4 ; 

m 

Arts. 70. and 71. 

Ex. 1. 

Construct the figure as directed in Art. 70. of the text ; 
take D C = 4, and complete the parallelogram of pressures 
C QFD ; then the units in D Q will be found to be 5*6, which 
are the units of cwts. pressure upon the pin. 

Ex. 2. 

In this case, take DC = 3, and construct the parallelogram 
CQFD; then the units in DQ will be found to be 4*2, 
which gives the pressure on the pin in units of cwts. 

Ex. 3. 

Here, 0A = 5, OH = 6, and DC = 4; hence we find the 
units in D Q = 4*6, which gives the pressure on the pin in 
units of cwts. 

Ex.4. 

Here the wt. of the pier = 5 x 4 x 1 x 120 

= 2400 lbs. 
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Having constructed the section of the pier, &c., as di- 
rected in Art. 71., ^rom any scale take A C = 3 units, and 
AB = 2'4 units; complete the parallelogram ABDC, and 
produce the diagonal AD until it intersect the base O V in 
the point Q. Now as the point Q falls within the base of 
the pier, the structure will stand. 

Ex. 5. 

Having constructed the section of the pier, &c., as in the 
last example ; join A an^ O ; from any scale take AB = 2*4 
units, which in this case are units of thousands ; complete 
the parallelogram of pressures ; then the units in the direc- 
tion of the pressure P will be found to be about 3*4, which 
gives the pressure P in units of thousands of lbs., that is, 
P = 3400 lbs. 

Ex. 6. 

Proceeding as in Ex. 4., it will be found that the point Q 
falls without the base ; hence it follows that the pier will 
fall. 



Arts. 76. and 78. 
Ex. 1. 

Area surface upon which the water presses =10x6 

= 60 sq. ft. 
/. Pressure water = 60 x J of 6 x 62-5 

= 60x3x62-5= 11250 lbs. 

Ex. 2. 

Area surface upon which the water presses = 10x9 

= 90 sq. ft. 
/. Pressure water = 90 x ^ of 9 x 62-5 = 25312 lbs. 
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Ex. 3. 

Distance centre pressure from the bottom of the vessel 

= ^ of 6 ft. =2 ft. 

Ex. 4. 

Surface upon which the water presses = 9x1 

= 9 sq. feet ; 
.% Pressure of the water = 9 x ^ of 9 x 62-5 

= 2531-25 lbs. 

Distance centre of pressure from the bottom, or 01 = J^ of 
9 ft. = 3 ft. (See/^. p. 1 16. of the text.) 

,*. Moment of the pressure of the water 

= Pressure water x 01 = 2531 -25 x 3 = 7593-75. 

Weight of the embankment = 9x4x1x1 20 

= 4320 lbs. ; 

.*• Moment of the wU of the embankment 

= wt. X OV = 4320 xj of 4 = 8640. 

Now since the moment of the weight of the embankment 
is greater than the moment of the pressure of the water, we 
conclude that the embankment will stand. 

Ex.5. 

Here the moment of the pressure of the water is 7593-75, 
as in the last example. 

Weight of the embankment = 9x3x1x1 20 

= 3240 lbs. 
.•, Moment of the wt. of the embankment 
= wt. X 0V = 3240 x^ of 3 = 4860. 

Here, as the latter moment is less than the former, we 
conclude that the embankment will falL 
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Art. 82. 

Ex. 1. 

Here we have for the interior dimensions of the barge, 

Length = 10 ft.-2 x 2 in. = 10 ft -4 in. = 9f ft, 

Breadth = 4 ft— 2 x 2 in. = 4 ft —4 in. = 3f ft, 

Depth = 3 ft-2 in. = 3 ft— | ft =2f ft 

Content exterior solid = 10 x 4 x 3 = 120 c. ft 

„ interior „ =9fx3fx2f 

3x3x6 -^^^' 
/. Timber in the barge = 120-100-4 = 19*6 c. ft 
Wt. of timber in the barge = 19*6 x 50 

= 980 lbs. 

In this case the displaced water is equal to the whole 
exterior volume of the barge. 

.% Wt. of the displaced water = 120 x 62-5 = 7500 lbs. 

Hence we have, 

Load+wt barge = wt. displaced water ; 
.% Load 4- 980 lbs. = 7500 lbs. ; 
/. Load = 7500 - 980 = 6520 lbs. 
6520 



2240 



tons = 2*9+ tons. 



Ex.2. 

Here the weight of the barge is the same as in the last 

example. 

Load in lbs. = 2 x 2240 = 4480 lbs. ; 

Wt. displaced water = 10 x 4 x depth x 62*5 lbs. ; 

.'. 10x4xdepthx62-5=980-|-4480; 

. T^^^.u_ 980+4480 _o..,o^, 
•• ^"P^^= 10x4x62»5 = ^^^^^- 
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MISCELLANEOUS EXAMPLES. 

Ex. L 

Work engine per hour = 17894000 ; 

17894000 



/, Work engine per min. = 



60 



•• ^•^•'" 60x33000 ■"^"'^- 



Ex.2. 

Effective work engine per min. = 7 x 33000 x f ; 
„ „ „ hour = 7x33000xf x60 

= 7x11000x2x60 = 9240000. 

Work in raising 1 c. ft. of water = 62*5 x 100 = 6250 ; 

XT r. . -J 9240000 ..^oA 
/. No. c. ft. water raised = ^^g. = 1478*4. 

oJoU 



Ex.3. 
Effective work engine per min. =80 x 33000 ; 
Volume water raised each stroke = 2 x 5 = 10 c. ft. ; 
Wt. water raised each stroke = 10 x 62*5 = 625 lbs. ; 
Height to which the water is raised = 60 x 6 = 360 ft. ; 
/. Work in each stroke = 625 x 360 ; 

^T ^ , . work engine per min. 

,% Iso. strokes per mm.= =— r-^ — =f-- — -, — 

^ work m each stroke 

80 X 33000 



625 X 360 



= 11-7 + . 
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Ex. 4. 

Content of the material = 30 x 40 x 6 c. ft. ; 

.•. Wt. of the material = 30 x 40 x 6 x 100 = 720000 lbs. ; 

40x6 
/. Work in raising the material = 720000 x — ^ — 

= 86400000. 

Ex.5. 

Content of the material = 30 x 5 x 6 c. ft. ; 
/. Wt. of tlie material = 30x5x6x100 = 90000 lbs. ; 

/. Work in raising the material = 90000 x — ^ 

= 90000x15=1350000. 

Ex. 6. 

No. c. ft. in the wall = 40 x 20 x 3 = 2400 ; 

/. Wt. of the wall = 2400 x 120 = 288000 lbs. ; 

20 
/. Work in raising the material = 288000 x -h" 

= 2880000. 

Ex.7. 

No. c. ft. water in the cistern =12x6x10 = 720 ; 
/. Wt. water in the cistern = 62-5 x 720 = 45000 lbs. ; 
Height to which the centre of gravity of the water in the 

cistern is raised=304--^ = 35 ft. ; 

/. Work in raising the water = 45000 x 35 

= 1575000. 

Ex. 8. 

No. c. ft. water in the cistern = 12 x 6 x 12 = 864 ; 
.'. Wt. water in the cistern = 62*5 x 864 

= 54000 lbs. 
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Height to which the centre of gravity of the water in the 

12 
dstem is raised =30+-^- = 36 ft. ; 

td 

/. Work in raising the water = 54000 x 36 

= 1944000. 



Ex.9. 
Work per hour = 1575000 x 3 ; 

1575000 X 3 



/. Work per min. = 



60 



. rr p _ 1575000x3 _ 
•• ^•^•'- 60x33000 -^'^^+- 



Ex. 10. 

Space moved over by the horse in each revolution 

= 20 X 3-1416 = 62-832 ft ; 

.*. Work of the horse in each revolution = 160 x 62*832. 

But the work of the horse per min. = 22000 ; 

22000 
/. No. revolutions of the horse per min.s= tbt^ — ^^ ooo 

loU X oJ-ooJ 

= 2-18. 

Ex. 11. 

Let a? = the distance of the centre of gravity from W; 
then 15— .r = the distance fromP; hence we have^ by the 
equality of moments^ 

Moment W = 8 x a? ; 

Moment P = 4 x (15 — a?) ; 

.% 8xic = 4x(15— a:); 

/. 8xa;=60— 4a?; 

60 
.% 12 a?= 60, and ar=j^=5 in. 
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Ex. 12. 



Here we have, 

Moment W= 8X0?; 
Moment P =2 x (15— a?) ; 
/. 8xic = 2x(15— a:); 
10xic = 30, and a; ==3 in. 






THE END. 
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